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INTRODUCTION 
1. Introduction 
-5-
The problem of grade placement of science principles is a 
subject which has long been under scrutiny by the Boston Uni-
versity School of Education, under the direction of Dr. John G. 
Read. Experiments in this area have been carried out through 
succeeding years; these experiments to be concluded when enough 
schools and pupils have made the conclusions statistically sig-
nificant. As more data are accumulated and after a sufficient 
number of science principles have been tested, then a complete 
over-all report will be of great help in providing a "percentage 
of learning" index for each principle for each age level tested. 
From this index it should be possible to ascertain that, if a 
particular science principle be taught to children of a narrow 
modal mental age range, then a certain percentage of those 
pupils should be expected to learn and understand the principle. 
In this manner we can eliminate from the elementary curriculum 
those science principles which are beyond the comprehension of 
most of the pupils, and make our teaching time more productive 
by teaching only those principles which will be understood by 
the majority of our classes. At this time it should be said 
that this does not mean that the above average student should 
be limited to these principles. He should at all times be en-
couraged with extra reading and enrichment activity in whatever 
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field of science his interest lies. 
In 1953, under the guidance of Dr. Read and Dr. Herbert 
Oxendine, the background for the study and design of these ex-
periments were completed. Each experimenter will take a prin-
ciple of science. The teaching method will be lecture-
demonstration. The amount of learning will be measured by 
identical tests given before and after the lecture-demonstration. 
Data to be gathered will consist of test scores, the pupil's 
Intelligence Quotient (IQ), mental age (MA), and chronological 
age (CA), sex, age, previous science background and instruc-
tion. The results of each experimenter's work will be for 
only one or two grades in one or more of a community's schools. 
This will give an indication of the next grade that should be 
tested depending upon the "percentage of learning" for that 
modal mental age level. 
As the study proceeds investigation into tested principles 
will be continued and other principles will be started until 
there is an index of the "percentage of learners" for each 
modal mental age level of each principle tested. As an ex-
perimenter finishes a new principle he will leave his material 
for many teachers-in-service to use. This will include the 
demonstration, a copy of the text, a tape recording of one of 
the actual lecture-demonstrations and the test given. The ma-
terial will be used throughout the study of the same principle 
as an accuracy check. The sample of schools will be chosen 
each year so that complete coverage for grades three to twelve, 
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on all socio-economic levels will be achieved. 
It is assumed for this study that a difference in the 
"percentage of learners" will exist at different mental age 
levels. It is also assumed that the time spent in a carefully 
planned demonstration and prepared talk would produce a certain 
small increment of learning in the student, but what we are 
searching for is an understanding of the particular science 
thinking as evidenced by lucid thinking regarding the prin-
ciple. 
The committee whose responsibility it was to compile the 
data included in the literature presented as background for 
this study consisted of the following members under the chair-
manship of 
Norman G. Mills: 
Isabel L. Bouin 
John T. Callahan 
James Creighton 
Wallace J. Gleekman 
Eugene J. Gleekman 
George F. Griffin 
Robert H. Jackman 
Eleanor Kancevitch 
John G. Minot 
Henning A. Sahlberg 
Vincent J. Silluzio 
Schuyler G~ Slater 
Vlrginia M. Wilson 
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2. Justification 
Very little in the nature of scientific evidence is avail-
able on the grade placement of science principles. Because of 
the tremendous increase of scientific knowledge in our day edu-
cators are continually emphasizing the necessity of research 
that will determine the age levels at which science concepts, 
principles, and skills may be introduced to the child with opti-
mum effectiveness. Today we are engaged in a world race for 
technological and scientific advancement and it is imperative 
that we teach our future scientists and engineers the material 
they must know, and yet introduce this material at an age 
level where there will be enlightening comprehension rather 
than confusion and misunderstanding resulting from the child's 
inability to understand due to lack of maturation. 
Beck11 states that because scientific knowledge is now 
accumulating at such a rapid rate, there is neither time nor 
excuse for teaching the elementary scientific concepts in the 
higher grades. He points out that the scientific background 
which is prerequisite to an understanding of science courses 
offered at the high school level is only too often missing in 
beginning students. To find a solution to this problem he 
suggests that research be initiated to determine fl. what 
fundamentals of science we can expect most children of similar 
.!/ Alfred D. Beck, !!Some Unanswered Questions Pertaining to 
the Organization of _a Twelve Year Science Sequence," Science 
Education (April, 1948), 34:176-177. 
ability and cultural background to master at each maturity 
level. n.!/ 
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In an article based on a Progress Report of the Committee 
on Research in Elementary Science for the National Association 
of Research in Science Teaching , Venill states that with the 
tremendous expansion of scientific knowledge, concepts which 
previously have been reserved for high school science courses 
will have to be taught in the junior high schools. He sum-
marizes that, "studies should be made on pupil readiness for 
more advanced science concepts."?/ 
In the Thirty-First Yearbook,2/ the National Society for 
the Study of Education advocates a twelve-year sequential pro-
gram of science be taught, based on the broad generalizations 
of science. As an outgrowth of this plan, many problema for 
research were recognized. Morrison places the selection and 
sequences of courses within the curriculum and the grade 
placement of topics at t he top of a list of needed research 
in science teaching.h/ 
However, research on the location of curricular material 
y Beck, "Unanswered ~uestlons," p. 177. 
2/ John Venill, "Needed Research Studies in the Junior High 
~hools," Science Education (April, 1948), 32:175-185. 
2/ National Society for the Study of Education, A Program 
for Teaching Science, Thirty-first Yearbook, 1932, Part I, 
The University of Chicago Press, Chicago, Illinois. 
!!/ Ibid. , p. 354. . 
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in science classes is complex. In order to make such studies 
objective and meaningful, educators, says Bellack,Y must take 
into consideration the basic findings from the fields of edu-
cational philosophy, sociology, and psychology of learning. 
Mr. Bellack believes that the aim of education is to give 
some meaning, security, and purpose to life. Ideally, edu-
cation should provide an understanding of the diversity and 
richness of the present day world and take into account our 
uncertainty on ideas of life and the universe. More specifi-
cally science education seeks to teach effectively those 
principles and skills of science which touch upon everyday 
life. The aims of science teaching are contributory to the 
aims of education, namely, as Bellack says, "life enrich-
ment. "y' 
In our society great emphasls is placed on education. 
Laws compel schooling of all up to a certain age, and all chil-
dren are assured a free education. It is the school's respon-
sibility both to society and to the children to present those 
activities which will best prepare the student to participate 
intelligently in OUI" demo era tic society. 
Bellack further aa.ys, "In planning the sequence and place-
ment of school activ·ities, then. consideration must be given at 
1/ Arno A. Bellack, "Sequence and Grader Placement,'' Journal of 
~ucational. Research . (April, 1948), 41:623. . 
y' Ibid., p. -42. 
every stage to the demands of society in regard to both the 
important responsibilities of citizenship and the great vari-
ety of learnings and adjustments occasioned by circumstances 
peculiar to our culture . "y' 
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In part, grade placement of curricular material is a mat-
ter of providing grade level experiences suitable to the ma-
turity level of the students and designed to achieve the objec-
tives of the program.£/ 
Kingsley defines maturation as "the normal physical growth 
of the physiological functions. If these physiological struc-
tures have not developed to the point where the child can carry 
on an activity essential to a particular kind of learning, it 
is quite obvious he will be unable to achieve success in this 
direction. n2/ 
In order to obtain the maximum efficiency in learning, 
maturation of the child must be considered carefully. Hil-
breth~ points out that if a child is presented with a prob-
lem which is beyond his maturity level, he will reduce or 
simplify the problem to his own level of understanding which 
y' Bella.ck, "Sequence and Grade Placement," p. 623. 
?J Ibid., p. 625. 
3/ Howard L. Kingsley, The Nature and Conditions of Learning, 
Prentice Hall. Inc., New .York, 1949, p. 49· 
L./ Gertrude Hilbreth, "The Difficulty Reduction Tendency in 
~erception and Problem . Solving, 11 The Journal of Educational 
Psychology (April, 1941), 32:305-313. 
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may lead to misconceptions making learning more difficult when 
maturation level is reached. Washburne, writing in the Thirty-
eighth Yearbook!! points out that if a child is presented with 
a problem above his maturity level with the implication that 
he should succeed, it will give him a feeling of failure and 
undermine his security. "Instead we must guide him into those 
learning situations that he can attack effectively and with 
sufficient success to yield satisfaction, encouragement and 
growth. ng/ 
Many of the studies attempting to assign learning experi-
encea to definite maturity levels have been concerned with 
motor-skill developn1ent in pre-school children. However, a 
number of studies have been made to determine the role of 
maturation in the development of various concepts, among them 
that of Pistor1/ who conducted an experiment to determine how 
time concepts are aequlred by children. Two groups of 320 
children were used in the study. In grades four and five, 
traditional courses in geography and history were taught to 
one group, while the second group was taught geography as a 
major eourse and history incidentally. In the sixth grade the 
first group was given instruction with special emphasis placed 
l/ National Society for the Study of Educat:ton, Child Develop-
ment and the Curriculum, Thirty-eighth Yearbook, 1939, Part I, 
The University of Chicago . Press, Chicago, Illinois. 
gj Ibid. , p • 3 • 
1/ Frederick Pistor, "How Time Concepts are Acquired by Chil-
dren," Educational Method (November, 19~-0), 20:107-112. 
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on time charts, time lines, and other teaching aids. The other 
group had the regular instruction with no special importance 
placed on time concepts. Through analysis of test results at 
the completion of the sixth grade it was found that the group 
gained slightly but not significantly, in time-concept under-
standing , over the group without special instruction. Pistor 
concludes that, "· ~ . evidence points heavily in favor of 
maturation rather than training as the dominating factor in 
time-concept development."Y 
PiagetY attempted to assign stages in the child's thought 
development to maturity level. Through personal interviews, 
questions were asked relating to the child's ideas of the causes 
of natural phenomena.. The responses were then placed in cate-
gories developed by Piaget. For example, Piaget traced three 
steps in concept development relating to the origin of the sun 
and moon. The first step was that of artificiality, that the 
sun and moon were made by some human being . The second step 
was a belief that the sun and moon were developed by a combina-
tion of artificial and natural causes. The third stage in this 
development was the belief in a completely natural origin of 
the sun and moon. The implication was that the child passed 
from one stage to another only when he had reached the proper 
y Piator, "Time Concepts," p. 111 . 
. . 
2/ Jean Piaget, The Child's Conception of the World, Harcourt, 
~race and Company Inc., New York, 1929. 
maturity level. Due partly to complexity and the subjective 
nature of interpreting the responses of chi~dren, this method 
of Piaget has been criticized and his conclusions challenged. 
Deutsche!~ conducted a study at the University of Minne-
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sota in another attempt to trace the development of concepts of 
casual relations in ch:lldren. Identical demonstrations and 
tests were given to children in grades three through eight. 
Three experts famil i ar with Piaget's work attempted to clas-
sify the answers to the test i .tems into Piaget 1 s categories. 
There was little agreement among the jury as to where each re-
sponse should be placed. It was found that there was a great 
deal of overlapping, that most of the answers were found over 
the entire age group and that the answers of children of a 
given age group could not be classified into a single type. 
Deutsche concluded that, "Causal thinking apparently d0es not 
develop by stages but by a gradual process."Y She also 
found that the adequacy of the answers of the test questions 
increased with age and the greatest increase was noted between 
the a ges of 11 and 12 years.Y 
Haup~ sought to gather evidence to find out if young 
1/ Jean Marquis Deutsche, The Development of Children's Con-
cepts of Causal Relations, The University of Minnesota Press, 
Minneapolis, 1937. 
y ~., p. 93. 
2./ Ibid. 
~ George Haupt, An Experimental Application of a Philosophy 
of Science Teaching in an Elementary School, Teacher's College, 
Columbia University Contributions of Education, No. 633, Bureau 
of Publications, Columbia University, New York, 1935. 
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children were capable of the mental activities associated with 
"the large generalization" type aim. His study was limited to 
grades one through six. Haupt found that the ability to gen-
eralize prevailed at all grade levels, but that this ability 
was limited by the complexity of the concepts studied. 
Croxton's1/ study also indicates that children in the 
higher primary, the intermediate, and junior high are capable 
of generalizing. 
However, grade placement of curricular material is not 
entirely a matter of maturation. It is a matter of learning 
readiness which includes maturation, experiential levels, in-
terests and attitudes, social pressures and training. But these 
factors are extremely difficult to separate for study. In the 
human body every organ is an integrated part of the body. If 
one organ is malfunc~tioning, it will affect the normal activity 
of the entire organ:lsm. Similarly, the child is a composite of 
many varied factors, each of which affects the proper function-
ing of the others. 
All experiences, according to Dewey?/ both take up some-
thing from those which have gone before and modify in some 
way the quality of those which come after. WestY says that 
y w. C. Croxton, "Pupils' Ability to Generalize 1 " School Science and Mathematics (January, 1936), 36:627-o34. 
?J John Dewey, Experience and Education, The Macmillan Co., 
New .York, 1938, p. 27. 
2/ Joe Young West, "Do We -Expect Too Much or Too Little of 
Children from -Their .Experiences in Science?" Science Educa-
tion (October, 1944), 33:298. -
it is useless to show that a given volume of warm air is 
lighter than the same volume of cold air before the concept 
that air is something that has weight and occupies space is 
understood. Thus, if a pupil has reached the maturational 
level for understanding but does not have the background, 
learning will not be effective. Even if the maturity level 
and experiential level are adequate for the learning, such 
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things as lack of interest, motivation or proper attitudes, in-
adequacy of teaching or improper material may account for in-
complete, ineffective learning. 
This study is one of many done at Boston University de-
signed to establish a learning index for the scientific prin-
ciples prepared as individual statements by Robertson.!/ 
This learning index will indicate the approximate mental age 
level at which these principles can be taught effectively to 
children of similar ability and background. Because of the 
complexity of the learning process, absolute values as to 
where each principle should be included in the curriculum are 
not expected, but the results may prove helpful to curriculum 
planners in determining the grade placement of these principles. 
The results of these studies will be of importance to textbook 
and standardized test writers, to visual-aids producers, but 
most of all we hope they will help the teacher-in-service by 
making him more efficient at the task of preparing his students 
!/ Martin L. Robertson, "Selection of Science Principles Suitable 
as Goals of Instruction in the Elementary School," Science Edu-
cation (April, 1935), 19:65-70. 
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to take their places in our modern, democratic, scientific so-
ciety. 
3. Design of the Experiment!/ 
Scope and Limitations 
The objective of this study is to establish a learning 
index for a number of scientific principles both in the ele-
mentary and secondary grades, the total study being made over 
a period of approximately ten years. An index of learning is 
to be assigned to each level at which the experiment is carried 
out. 
A beginning has been made here by twenty-eight students 
work:tng with different principles. Subsequent investigators 
using identical techniques with the same or other principles 
at different age levels may, after having secured data on a 
large number of pupils, predict with some accuracy where a 
certain principle might be taught with knowledge of its being 
understandable to the majority of pupils at that age level. 
The procedure to be described is essentially the same 
in all the studies made by those twenty-eight investigators. 
However, since certain of these persons could not, of neces-
sity, meet all the conditions here set down because of their 
own teaching duties, the procedure has had to be slightly 
varied in such cases. Whenever any changes have been expedient, 
!(This material was prepared by group members listed on page 7, 
Chapter I. 
it will have been noted in subsequent chapters. 
The population used in this study made by this first 
group of investigators is composed of pupils from the third 
to the twelfth grades. They are a stratified sampling of the 
school population of several New England states. 
-18-
The pupils whose test scores are included in the study all 
have mental ages within the limits of one year from the highest 
to the lowest. Once the modal mental age had been established, 
only the scores of these pupils with mental ages of plus or 
minus six months from the mode were selected to be included 
in the subsequent analysis. 
Each investigator has examined two class divisions in 
five schools. Of trte total of ten groups included, five are 
samples of the same grade level and the other five are samples 
from a different grade level which are separated from the 
first five samples by two years; that is, if a particular in-
vestigator chose five tenth-grade divisions, he will also have 
chosen either five eighth-grade or five twelfth-grade divi-
sions. 
Two examinations have been given to all pupils included in 
this study. The first will be known as the pre-test and the 
second as the post-test. They were identical. The post-test 
was given within an hour after the administration of the pre-
test. The time lapse was occupied either by the presentation of a 
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demonstration servi11g to illustrate the particular principle being 
tested, in the case of what is knoWll as the experimental group, or by 
reading non-relevant material by the group to be knoWll as the control. 
Strict discipline was maintained in each group that the 
pupils might not co1mnunicate with one another or be distracted from 
the examination or the demonstration given. 
The demonstration was of large enough size, and was well lighted, 
so as to be seen by all the pupils in the class room easily. 
B. Discussion of Procedure 
The first step involved the selection by each investigator of 
a principle to be demonstrated and tested. Such accepted lists as that 
compiled by Robertson ~/ were consulted. 
A review of the literature established that the teaching of princi-
ples is an effective method for teaching science. It was found that 
facts were retained better when pupils were taught by principles. 
Also, relationships in applied learning were perceived more easily. 
Further findings on science teaching by principles are discussed in 
greater detail in a subsequent section. 
The second step consisted in devising one or more demonstrations 
which illustrated the chosen principle. The time allotted for this 
teaching material was in most cases approximately 15 minutes. These 
demonstrations were. necessarily simple, large, and contained as nearly 
as possible the "purity of concept" which has been interpreted by 
1/ Martin L. Robertson, "Selection of Science Principles Suitable As 
Goals of Instruction in the Elementary School.", Science Education 
(April, 1935), 19:65-70. 
' 1 
-;,._ t _. ... •. 
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Nichols- to mean that the demonstration illustrates one and only 
one principle. But if all other principles could not be eliminated, 
they were judged not to lead to a misconception of the material 
taught. 
The demonstration material of each experimenter was decided 
upon and the apparatus set up after having been presented to and 
passed on by a board consisting of a small group of investigators, 
who in turn, held their demonstration material up to scrutiny by 
fellow board members. 
In a subsequent section of this thesis are discussed the criteria 
for a good demonstration. The eleven pertinent points are summarized 
as follows: 
1. The demonstration should illustrate a basic principle. 
2. The demonstration should illustrate one principle only. 
3. The action of t he demonstration should be clearly visible to all. 
4. The apparatus slruld be on a large scale. 
5. The demonstration should be simple and the speed of action suitable. 
6. The demonstration shouH work; it should be as infallible as 
possible. 
7. The demonstration should be dynamic. 
1/ ~. M. Nichols, New and !~proved Demonstrations for Use in Teaching 
Scientific Principl~s in Chemistry, Unpublished Master's Thesis, 
Boston University School of Educaton, 19SO,p.4. 
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8. A slight dramatic element is sometimes useful. 
9. An element of the unexpected is sometimes effective. 
10. The apparatus should be of easily available and inexpensive material. 
11. The apparatus used in a given demonstration should be stored away 
intact until it is to be used again. 
All members of the group have adhered rigidly to these criteria. 
It might bemmt:ion,ed here that research, which will be described 
in Chapter 2, on the idea that demonstrations are effective brought 
to light the fact that the demonstration is equal to or better than 
any other method of teaching science. Thus it is seen that if a 
particular scientifi c principle can be taught at a certain age level, 
the demonstration method is as good a way known to aid in the teaching 
of it. 
After having pE~rfected the demonstration a third step in the proce-
dure was followed. Each investigator devised a test of the four-
answer multiple choice type to be administered in not over 15 minutes 
time. This type consisted of approximately thirty items divided into 
three groups. The first ten items were based directly on the demonstration 
to be given. The second group consisted of items which involved 
transference; that is, these items did not test an understanding of 
the demonstration directly but tested the ability to apply the scientific 
principle involved to other simple nearly situations. The last ten 
items were more difficult; they involved an application of the principle 
but were of such a nature that correct answers might be made by the 
pupils who had gotten the most from the demonstration. 
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All of the items were so worded that the pupil could be given this 
test before the demonstration had been seen and yet answer the questions 
if he understood the principle. For example, a question might be begun 
with a phrase such as "If a tight wire is plucked, ..•• ", etc. 
In order to establish a suitable vocabulary for the items on the 
ll 
test, Thorndike's Teacher"s Word Book was used. This volume lists 
words used most often in standard English reading material. Words 
used in the items were compared with the list to suit either the 
elementary or the secondary grades. If the particular words were not 
mentioned, others had to be substituted. The final form of the test 
contained a vocabulary which was suitable to the level at which each 
investigator was working. A copy of the writer's test is included in 
the appendix. 
The test items were put in the interrogative form whenever practical 
with the answer to each consisting of one correct response and three 
dis tractors. 
When the test was completed, it was presented to the same board 
which had previously judged the quality of the demonstration material. 
The items were passed if, in the opinion of the board, they were valid. 
An answer sheet for the test was devised whereby an enclosed space was 
left after the number of each item for the letter of choice. 
1/ Edward L. Thorndike and Irving Lorge, The Teacher's Word Book of 
30,000 Words, Bureau of Publications, Teacher's College, Columbia 
University, New York, 1944. 
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The fourth .step in the procedure involved the administration of 
the test to approximately one hundred pupils of the same grade level as 
the pupils for which it was finally intended. The results were incor-
porated in an item analysis which is described in a later section of this 
thesis. Any items which were shown not to be serving especially well 
were left on this final form of the test but only those items which 
were functioning well were used in subsequent compilations. 
As the fifth step, a script to accompany the demonstration was 
written by each investigator using a suitable vocabulary selected 
!_/ 
from Thorndike's word list. This was not to be read to the experimental 
group while the demonstration was shown but served as a guide for the 
demonstration lecture, key points of the written procedure having been 
committed to memory by the experimenter. This minimized the probability 
of the individual lectures varying widely from day to day. 
The investigator then presented his lecture and demonstration to a 
few pupils inviting comments after the presentation. In . this manner both 
the script and demonstration were refined. 
At this point in the procedure, the test and the demonstration were 
ready to be given. Each investigator had written to superintendents of 
schools, receiving permission to test pupils of two particular grades 
in each school. Altogether five schools were selected and the pupils 
of two grade divisions in each school were chosen as subjects for the 
experiment. 
~/ Edward L. Thorndike and Irving Lorge, op. cit. 
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In some cases, investigators chose the elementary grades and in others, 
the secondary. 
The sixth step involved the administration of the Otis Quick-Scoring 
intelligence test, by the investigator or the teacher of each particular 
division, during a period within two weeks of the demonstration. 
The largest part of the experimental work is contained in the seventh 
step. On a prearranged date at a prescribed hour all the students of one 
class were pre-tested at the same time; that is, the examination was . 
presented to the pupils before the principle was demonstrated. They were 
first given a test booklet and an answer sheet marked Test 1 on which 
there was a place f ·or the filling in of the following information: 
name, sex, date of birth, name of school and town, and the previous 
training each pupil had in science. With regard to some of these 
items, in the lower elementary grades the information noted had to be 
checked and, many times, supplied by the teacher. 
E~ch answer sheet contained a random number in the upper right hand 
corner and also a place for the investigator to later fill in any informa-
tion he desired such as socio-economic background, I.Q., etc. A sample 
answer sheet is shown in the appendix. 
The time allotted for the pre-test was approximately fifteen minutes. 
At the end of this time the answer sheets were collected and half of the 
pupils in the class were sent to another room, after handling their 
test booklets to the demonstrator or the teacher in charge. The remaining 
half ke{C their booklets and stayed ;im the room to see the demonstration. 
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Half of the pupils were randomly selected according to a method 
1/ 
used by Lindquist A table in his book was consulted and utilized. 
To explain the use o:E the table, it is perhaps expedient to use a hypo-
thetical class in a single run of the experiment. Since there are 36 
pupils in this class and half are to be selected at random, 18 pupils must 
be chosen arbitrarily. The first step is to assign numbers from 00 to 35 
to the 36 answer sheets. This may be done in any order. Then it is 
necessary to select a starting point on the table by referring to a column 
!:_I 
and row number. As Lindquist states, 
"This starting point should be determined before looking at 
any number in the table. Once having selected the starting point 
and direction, no pecularity in the numbers read should be permitted 
to cause one to disregard the results and start anew at another 
point." 
From the starting point and reading in the chosen direction, the first 
18 unlike numbers bel ow 36 are taken and the pupils previously assigned 
these numbers are then one of the halves of the class. 
After the class was divided, the answer sheets for the pre-test were 
collected and half the class was removed, as stated above. This half as 
designated as the control group. They spent the next 15 minutes reading 
silently some non-science material in another room. 
_Up to this time, the demonstration apparatus, which had been previously 
placed in the room where the pre-test had been given, was kept covered with 
a cloth. With only half the original group present, these de~onstration 
l/ Everet F. Lindquist, Statistical Analysis in Educational Research, 
Houghton Mifflin Company, Boston, 1940, table 18, p. 262. 
£/ Ibid. , p. 26. 
materials were uncovered and the investigator began his experiments with 
his accompanying remarks of explanation. 
When the demonstration, having lasted approximately 15 minutes, was 
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over, a post-test answer sheet marked Test 2 was distributed to each pupil. 
This sheet was the same as that for the pre-test with the exception of the 
identifying test number. The original closed test booklet, which was to 
be used for the post-test, had been placed in the upper right hand corner 
of each pupil's desk. The group had previously been cautioned by the 
demonstrator not to open the booklets or talk among themselves while he 
was experimenting. 
The post-test, being identical to the pre-test since the test booklet 
contained only the one test, was then administered to this experimental 
group. At the end of the allotted 15 minutes, the booklets and both 
answer sheets were collected. 
Meanwhile in the room to which the other half of the class, the 
control group, had moved, the same post-test was given as was administered 
to the experimental group by a teacher who also supplied the pupils with 
an answer sheet marked Test 2 and a test booklet. After about 15 minutes 
had elapsed, the papers and booklets were collected. 
In the cases where the investigator was working with elementary 
grade school pupils, the d~onstration was given to the control group 
after they had taken. the post-test because of the interest they undoubt-
edly had, because of administrative reasons, and, more important, because 
the time element was not such an important factor as it was in the 
secondary school where the control group was not given the demonstration. 
This same procedure was repeated with individual divisions in each 
school until, as mentioned above, data on a total of ten divisions in 
five schools was collected. 
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It has been found that a reliable method of measuring the amount of 
learning of some specific activity, is by means of the test-retest method. 
By using the test-retest method, the level of previous knowledge concern-
ing the activity may be established. Using this information any gain in 
knowledge can be easily established. A detailed section on the test 
technique will be found in the next chapter. 
The eighth step in the experimental procedure involved the compila-
tion of statistics using the scores on both the pre-test and post-test, 
the group modal mental age which had been computed from the I.Q. and the 
chronological age of each pupil. As was stated above anly the scores of 
those pupils with mental ages of plus or minus six months from the mode 
were included in the statistical analysis. If a pupil of the experimen-
tal group showed a lack of understanding of the questions relating 
directly to the demonstration on his post-test, his scores were excluded 
from the analysis. A score which was less than 80 per cent correct on 
this part of the post-test was not used. The second chapter of this 
thesis contains a detailed explanation of how the scores were handled 
statistically. 
The ninth and final step of the procedure was the making of a tape 
recording using the previously refined script for the demonstration 
lecture. When this had been done and the resulting recording found 
-28-
satisfactory, it was packaged along with the test booklets, sample answer 
sheets, and the demonstration material. In this way, all necessary 
information and equipment will be ready for future investigators using 
the same principles. 
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CHAPTER II 
SURVEY OF RELATED LITERATURE 
1. Teaching by the Use of Principles 
The teaching of science by principle rather than by extra-
neous collect j ons of facts has been generally accepted by 
educators. The Thirty-first Yearbook of the National Society 
for the Study of Education says that life enrichment, the aim 
of education, can best be achieved if the schools' activities 
are ''of the kind from which ideas may be developed and if the 
ideas may in turn be associated into principles and generali-
zations that are interwoven into human experience. Functional 
learning is conditioned upon attainment of some such integra-
tion. nl/ 
Hoban says: "Education is not simply the accretion of in-
formation. It involves the fundamental knowledge and the under-
standing of the basic principles of the universe, of which man 
is a part."Y 
The Inductive Method.--Here the learner arrives at a gen-
eral conclusion, e.g., certain laws of physical sciences, by 
examining a number of individual eases. The weakness in this 
method is that there is a possibility of too general a eonclu-
sion, as the enumeration of particulars can rarely be totaled. 
For example after several enumerations of plants having flowers 
1/ National Society for the Study of Education, A Program for 
Teaching Science, Thirty-first Yearbook, 1932, Part I, The Uni-
versity of Chicago Press, Chicago, Illinois, p. 242. . 
S/ Charles F. Hoban, Focus on Learning, American Council on 
Education, Washington, D.C., 1942, p. 34. 
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such as, the cactus has a flower; the buckwheat has a flower; the 
stringbean has a flower; we might conclude all plants have a 
flower. This is too general a conclusion as there are active 
fungi which do not possess flowers. Induction is thus often im-
perfect as a mode of reasoning, though invaluable as a means of 
fixing general principles and laws amid the succession of par-
ticularities given in experience.!/ 
The Deductive Method.--The learner reasons from a principle 
to a particular. It is in this method that we shall be mainly 
interested, for we are basing our whole experiment on the reason-
ing powers of the learners to go from the principle to a particu-
lar inference to the principle in their learning process. For 
example: If a learner understands the principle of friction he 
can deduce that heat is released and wear between the surfaces 
takes place when one body is rubbed over another. 
A large amount of our teaching attempts to get pupils to see 
the implication of the laws, principles and rules that they may 
have learned. As contrasted with induction, deduction is a much 
simpler and shorter process. It is an unusual situation when a 
bit of deductive teaching lasts longer than a few minutes. 
Advantages of deductive educative teaching: 
1. 
2. 
). 
Lt· 
5. 
1/ R. J. 
T947. 
Much more simple than the inductive method. 
Results in very desirable outcomes. 
Introduces factors of organization. 
Makes meaningful the principles that have been 
mastered already. 
Arouses puzzle or questioning instinct, a very 
valuable aid. 
McCall, Basic Logic, Barnes & Noble Inc., New York, 
6. Helps pupils to derive their principles from books 
or demonstrative techniques. l/ 
~/ ll ~/ 
Jones, Leonelli, Martin and others have emphasized the value 
of teaching science by principle, and have listed hundreds of principles. 
However, there is some disagreement aa to what constitutes a principle. 
Heinmann defines a principle as "a statement of relationship between two 
2.1 
or more facts. " 
§j 
Wilbur's definition as stated by Martin is much more precise and 
makes a principle a very specific kind of generalization. His criteria 
state that a principle -
II Is stated positively and definitely 
Is true but with rare exceptions within the limitations 
set up by the statement 
Clearly states or implies a dynamic process or interaction 
Is demonstratable experimentally 
Is clearly not a part of a larger principle which can be 
clearly stated 
Is not merely a definition or description 
Has wide application in the natural environment and is 
not ruled out by any of the preceding criteria." 
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l/ c. E. Holley, The Teacher's Technique, The Century Company, New York, 1924 
-~! Ruth V. Jones, A Study of the Principles of Science Found in Ninth-
grade Textbooks of General Science, Unpublished Master's Thesis, University 
of Michigan, 1946. 
ll Renato E. Leonelli, Principles of Physical and Biological Science for 
Grade Eight, Unpublished Master's Thesis, Boston University, 1947. 
!±_/ W. Edgar Martin, "A Determination of the Principles of the Biological 
Sciences of Importance for General Education", Science Education 
(March, 1945), 29:100-105; (April-May, 1945), 29:152-163. 
2._/ Ailsie M. Heinmann, "A Study of General Science Textbooks", General 
Science Quarterly (November, 1928), 13:11. 
§_/ William Edgar Martin, "A Chronological Survey of Research Studies on 
Principles as Objectives of Instruction in Science", Science Education 
(February, 1945), 29:45-52. 
Robertson's defini tion of a principle was the result of many weeks 
of consideration by a seminar in science teaching under F. D. Curtis 
!./ 
at the University of Michigan: 
"a. To be a principle a statement must be a comprehensive 
generalizat ion 
b. It must be true without exception within limitations 
specif~cally stated 
c. It must be a clear state~ent of a process or an 
interaction 
d. It must be capable of illustration so as to gain 
conviction 
e. It must not be a part of a larger principle 
f. It must not be a definition 
g. It must_ not deal with a specific substance" 
With this definition, Robertson sought to determine a comprehensive 
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list of principles suitable as goals of instruction for elementary schools. 
He evaluated nine separate studies listing principles found in textbooks, 
arranged according to frequency and stress, by a jury of three science 
teachers and several subject matter specialists. A list of the 243 
principles found was sent to fifteen elementary school science teachers and 
from their ratings 113 principles were chosen. These are the principles 
used in the present study. 
Some results.--There is considerable evidence that scientific 
principles can be taught effectively to students at the secondary level. 
Freud and Cheronis readministered a comprehensive test to students of a 
survey course in physical science one year after the course had been 
completed. They found that principles and the ability to apply such 
lf Martin L. Robertson, "Selection of Science Principles Suitable as 
Goals of Instruction in the Elementary School'!, Science Education 
(February-April, 1935), 19:1-4, 65-70. 
!/ 
principles were retained much better than were unrelated facts. 
Babitz and Keyes paired eight classes in chemistry in two Cali-
fornia High Schools. Four of the classes, designated as the control 
groups, received stan.dard instruction; the other four designated as the 
experimental groups, had direct and intensive training on the application 
of principles. The tests administered at the end of the experiment re-
quired the solution of problems in chemistry and the identification of 
scientific principles related these two . All the experimental groups 
showed superiority over the control groups in the same schools. The 
1:.1 
difference however were not statistically significant. Kilgore paired 
120 students in high school physics with respect to their previous ex-
perience in science courses studies and I.Q. He found at the end of his 
study that students of both high and low ability were significantly better 
in making applications of principles of physics when the instructor placed 
~I 
emphasis on such application. 
The evidence from these studies seems to indicate that the learning 
o·Lprinciples of science, and the ability to apply them, may be attainable 
!/ Henrietta z. Freud, and Cheronis, N. D., "Retention in the Physical 
Science Survey Course", Chemical Education Journal (June,l940), 18:288-293 
'!:_/ Babitz and Keyes, "An Experiment in Teaching Pupils to Apply Scientific 
Principles", Science Education (December, 1939), 23:367-370. 
1/ W. A. Kilgore, "Identification of Ability of Apply Principles of 
Physics", Teacher's College Contribution tlo Education, No. 840, Columbia 
University, New York, 194l, p. 34. 
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objectives of the teaching of science at the secondary level provided 
such objectives are emphasized in instruction. 
2. The Lecture-Demonstration Method of Teaching 
A. The Effectiveness of Lecture-Demonstrations 
The areas which will be treated in this section are to define 
and describe the term lecture-demonstration, and then to quote freely the 
written opinions of science educatmrs with regard to the use of demonstra-
tions in science teaching, describing the psychological and logical basis 
for the use of demonstrations in teaching. Then, a review of the research 
in which the lecture-demonstration is compared with other methods of 
science teaching will be presented. 
!_/, 
Before discussing desirable qualities in a demonstration, Mack in 
describing and defining a demonstration, says in part: 
"Inherent in the concept of demonstration is the factor of 
movement of a material thing, not a static condition or dis-
play. A demonstration is an appeal through the senses of 
sight and of hearing, and less frequently through the 
other senses. Results must follow the purpose: there must 
be conviction, compelling to an inescapable conclusion." 
!:_I 
Regarding lecture-demonstrations, Stuit and Englehart express their 
definition by stating: 
11 The term lecture-demonstration is used to describe a method of 
teaching in which the teacher carries out a demonstration for 
the entire group and lectures in parallel with it. The students 
observe the demonstration and ask any questions which they desire 
about the demonstration or theory involved. 11 
!_/-Joseph A. Mack, "Desirable Qualities in Demonstration Apparatus", 
School Science and Hathematics (January, 1950), 50:2\. 
!:_/ Dewey B. Stuit, and Max D. Englehart, 11A Critical Summary of the 
Research on the Lecture-Demonstration Versus the Individual Laboratory 
Method of Teaching High School Chemistry", Science Education (October,l932), 
16: 380. 
Any discussion of the use of the demonstration in science teaching 
!/ 
should be related to certain principles of learning. Potthoff has 
expressed awareness of such a relationship in the following writing: 
"The use of the concrete, particularly where it deals 
with the unfamiliar, can provide an experimental basis 
for learning, whether that learning be remembering facts, 
understanding processes, seeing relationships, or getting 
an idea of how motor skills are executed. Direct ex-
perience, especially if it is with the unfamiliar, may 
motivate the learner, attract his attention, stimulate 
his interest, and arouse his curiosity. Demonstrations 
can be helpful also in facilitating comprehension of the 
abstract, giving reality to the spoken word, and reinforcing 
it by providing impressions through several sense avenues. 
In general, learning may be more meaningful, more accurate, 
more complete, and more permanent if it is based upon 
actual experience with that which is being studied." 
Additional emphasis on the importance of the real or direct experience 
in learning has been made by Richardson and Cahoon in Methods and Materials 
'!:_/ 
for Teaching General and Physical Science They stated that: 
"Probably the most: usual use of the demonstration is for 
illustrating and explaining scientific principles and 
their applications. For most students seeing the real 
thing is much more helpful than reading about it or 
looking at a picture of it." 
Whether the demonstration precedes or follows activities such as 
discussion, reading, films, and laboratory work, it may not automatic-
ally provide and understanding; but it furnishes a real experience upon 
which the teacher may build, along with other well-chosen procedures 
and activities. 
1/ Edward F. Potthoff, "The Use of Demonstrations in Science Teaching", 
Science Education Imecember, 1945), 29:253. 
'!:_/ John s. Richardson and G. P. Cahoon, Methods and Materials for 
Teaching General and Physical Science, McGraw Hill Book Company, 
New York, 1951, p. 17. 
-::s 5-
Demonstrations can be used for providing pupils experiences in 
1/ 
thinking. Cahoon's views on this topic are, in part, these: 
"The demonstrations, ~ aboratory experiments, directed 
studies, pupil projects, motion pictures, textbook 
statements, and pupil-teacher discussions are teeming with 
possibilities for pupil experience in thinking. It is 
largely a matter of utilizing these appropriately as one 
goes about teachi ng science facts and principles to pupils. 
Like any other teaching aid or pupil activity, a partic-
ular exercise or experience in thinking may or may not 
be appropriate t<> use with a particular class at a given 
time. 
A certain demons t ration for one class may be given to 
help obtain a par ticular fact of science, at another 
time as an experience in accurate observation, at another 
to utilize previous knowledge by predicting 'what will 
happen', at another as an application of a recently 
studied principle." 
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However, it must be added here, that "A demonstration performed 
by a teacher who points out what is happening and indicates :·; the 
conclusion which should be drawn or how it illustrates a particular 
!;.I 
principle may furnish little experience in thinking. However,"thinking" 
comes when the principle is applied. 
Before presenting a review of the research in which the lecture-
demonstration is compared with other methods of science teaching, the 
evolution of the popularity of the demonstration method should be mentioned. 
l/ G. P. Cahoon, "Using Demonstrations for Providing Pupil Experiences 
in Thinking", Science Education (Oct., 1946), 30:196. 
'l:_l Johns. Richardson and G. P. Cahoon, op. cit., p. 67. 
Webb states that it developed in this manner: 
"The growth of the demonstration method as a substitute 
for the individual experiment was accelerated by the de-
pression during which time funds for eperating the schools 
were much reduced. It was argued that if the course in 
science be given by demonstrations, only one set of apparatus 
need be procured; whereas if it were given by student indi-
vidual or group experiments a considerable number of duplicate 
sets must be purchased." 
Cunningham's summary of "Lecture Demonstrations Versus Individual 
?:.I 
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Laboratory Method in Science Teaching" covers a twenty-five year period. 
The field of research includes eighteen Master's Theses, six Doctorate 
Studies, and other studies. All of the reports were published in such 
professional periodicals as: Journal of Educational Psyshology, School 
Science and Mathematics, School Review, Journal of Educational Research, 
and Pennsylvania School Journal. From the results reported by the ex-
'}./ 
perimenters, Cunningham states that: 
"Twenty-eight studies gave specific attention to the general 
Outcome - immediate recall or immediate results. Twenty 
gave results favoring the demonstration method; six favored 
the individual laboratory method; and two said that there 
was no difference thetween the two method~/. 
Of the twenty-four studies that gave specific attention 
to delayed results, then favored the demonstration method, 
eleven the individual laboratory method, and three re-
ported no difference. 
The interest stimulated 
was studies in seven of 
of the pupils in three 
in the pupils by the two methods 
the enterprises. The majority L of the enterprise~/ favored the 
!./ Charles S. Webb, "The Teaching of Advanced Science Using the Demon-
stration Method", School Science and Mathematics (January, 1938), 38:23. 
:!:_/ Harry A. Cunnungham, "Lecture Demonstrations Versus Individual Labora-
tory Method in Science Teaching- A Summary", Science Education (March,l946) 
30:70-82. 
J/ Ibid. , p. 76 
demonstration method; and in four L~f the enterprise~ 
favored the individual laboratory method. 
All of the studies - fifteen - that gave attention to 
the time required by each of the two methods reported a 
saving of time· under the demonstration method. The time 
saved varied from one-fifth to one-half." 
l/ 
Later in the summary, Cunnungham _ tells of the treatment of 
scientific thinking in these studies by these comments: 
"Seventeen studies gave attention to one or more of the elements 
of scientific thinking but no one undertaking made even a 
slight beginning in the study of this problem in all of its 
many aspects. The elements of the thinking process that were 
studied in some of the undertakings were as follows: amount 
retained in thought work; making proper conclusions to an 
experiment; application of principles learned; ability to 
think in terms of science subject; ability to follow the 
steps in scientific procedure; per cent of thought questions 
answered correctly; method of attach on new problems; 
scientific attitude; ability to observe; learning a scientific 
principle; greater carry-over ability; ability to distinguish 
between fact and superstition; and ability to generalize. 
Of the seventeen studies that gave attention to some phases 
of this big and very important problem, twelve favored the 
demonstration method; four the individual laboratory method; 
and one came to the conclusion that_the p~il could learn to 
think about equally well by either {metho£/." 
This comprehensive statement is part of the concluding remarks made 
'!:_I 
by Cunningham 
"Our decision, as to what to do in practice, is made easier 
when we realize that all of our laboratory teaching need 
not - should not be done by one method. It is possible that 
we may be ignoring a whole continuous series of possibilities 
between these two extremes. In many cases it may be found 
best to use both methods in teaching a given idea in science." 
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The studies presented in the summary of Cunningham were ranked according 
11 
to the criteria presented in an article b Stuit and Englehart 
l/ Op. cit., p. 76 
II Ibid. , p. 79 
11 Op, cit., pp. 380-391. 
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l/ 
by Keiser as to their superior or inferior value, It is well to note 
here that Keiser used only the first six of the seven criteria to determine 
the value of these studies. The seven criteria, as established by Stuit 
and Englehart, are as follows: (1) specification of experimental factors: 
(2) control of pupil factors: (3) control of teacher factors; 
(4) control of general school factors; (5) duration of experiment; 
(6) measurement of achievement; and (7) interpretation of experimental 
date. 
Z:.l 
For comparative purposes the writer has used the studies of Anibel 
ll ':±/ 
Knox , and Wiley in this discuss i on because each study is apartly con-
cerned with the demonstration method versus t he laboratory method of teaching 
high school chemistry. The problem of the research as stated by each author 
and the significant conclusions, in part, will be related. 
'J../ 
The study of Fred G. Anibel ranked superior, is as follows: 
Problem: To determine scientifically through objective data 
how the results of teaching high-school chemistry by lecture-
demonstration method compared with the individual laboratory 
method. 
l/ Louis B. Keiser, The Present Status of the Lecture-Demonstration Versus 
the Individual Laboratory Method of Teaching Science in the High School, 
Unpublished Master's Thesis, City College of New York, 1933. 
2/ Fred G. Anibel, "Comparative Effectiveness of Lecture-Demonstration and 
Individual-Laboratory Method",. Journal of Educational Research (May,l926), 
13:355-365. 
'}_/ W. W. Knox, "The Demonstration Method Versus the Laboratory:, Method of 
Teaching High School Chemistry", School Review (May, 1947), 35:376-386. 
':±/ William H. Wiley, "An Experimental Study ofMethbds in Teaching High 
School Chemistry", Journal of Educational Psychology (April, 1918), 
9:181-198. . 
1/ Loc. cit. 
Conclusions, in part: 
1. The immediate retention is as adequate when 
material is presented by the lecture-demonstration method 
as when the class is taught by the regular individual 
laboratory procedure. Indications are that the letcture-
demonstration procedure would result in better immediate 
retention. 
2. The delayed retention is so little differeat that 
one method may be considered as good as the other. There 
was a slight indication that the material was better re-
membered when taught by the individual laboratory procedure. 
3. The brighter students are likely to profit more 
by the lecture-demonstration method than are the others. 
1/ 
The study by W. W. Knox , which was ranked superior, is as follows: 
Problem: To establish the relative value of the demon-
stration and laboratory methods of science instruction. 
Conclusions, in part: 
1. The demonstration method is superior to the 
laboratory method in teaching mentally heterogenO£S groups 
of pupils for the purpose of immediate retention [and 
relatively permanent retentio~/ of subject matter in high 
school chemistry. 
2. For the purpose of imparting to a group of pupils 
a scientific attitude and training in a method of attack 
on new problems, the demonstration method is equal, if not 
superior, to the laboratory method of instruction. 
3. From the standpoint of the coefficients of corre-
lation, it appears that the demonstration method provides 
superior opportunity for adaptation to individual differences 
in mental ability so far as teaching for immediate retention, 
delayed retention, and method of attack are concerned. 
4. So far as providing knowledge and method of attack 
are concerned, the laboratory method is slightly superior to 
the demonstration method in the case of the average inferior 
pupil. 
5. For the purpose of providing knowledge for both 
immediate retention and relatively permanent retention, and 
for the purpose of providing a technique for handling new 
problems, the demonstration method is much to be preferred 
to the laboratory method in the case of the average superior 
pupil. 
l/ Loc. cit. 
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Before stating the problem and significant conclusions of a study 
l/ 
ranked inferior by Keiser according to the first six of the seven criteria 
~I . 
developed by Stuit and Englehart , it should be recognized that the study 
ll 
made by Wiley was a pioneer enterprise, being published in 1918. 
Probably it has been ranked as of inferior value because of the following 
factors: no mention is made of any attempt to measure the mental abilities 
~I 
of the pupils ; the tests to measure immediate and delayed retention were 
of doubtful validity; the method of scoring the tests was highly subjective; 
and there was no mention made of statistical treatment of the data found. 
11 
The study made by William H. Wiley is as follows: 
Problem: To determine the best of the three methods of 
teaching chemistry,_the textboo~ recitation method, the 
so-called lecture LdemonstratiO£/ method, and the labora-
tory method. 
Conclusions, in part : 
1. There is not as great a difference as is ordinarily 
supposed in the value of the three methods, lecture /demonstratio~/ 
textbook, and laboratory, so far as imparting knowledge is con- -
cerned. · 
2. For immediate learning the textbook method is unquestion-
ably superior. 
3. For permanent learning the laboratory method is perhaps 
slightly superior. 
4. In every respect the lecture Ldemonstratio~/ method is 
the least effective in imparting knowledge to high school 
students. 
5. The rate of forgetting is greatest with the text-
book method and least with the laboratory method. 
l/ Loc. cit. 
11 Op. cit., pp. 380-391. 
ll Loc. cit. 
~/ Note the date of publication of the first group intelligence tests. 
~/ Loc. cit. 
6. The different methods show decided individual 
differences both for immediate and delayed reproduction. 
7. Probably a combination o£ ~ the three methods will 
give the best results in teaching high school chemistry. 
!_/ 
Stuit and Englehart have also made an excellent critical analysis 
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of the lecture demonstration versus the individual laboratory method of 
teaching high school chemistry. A summary of their report, which con-
sis ted of the combined conclusions of various investigators, is <.1as follows: 
Conclusions contending that the laboratory method is superior: 
1. There is a slight indication that material was 
better retained when taught by the individual laboratory 
method - Anibel. 
2. The order of preference of the methods studies 
places the individual laboratory method before the 
demonstration method - Horton. 
3. In every respect the lecture method is least 
effective in imparting knowledge to high school students -
Wiley. 
4. For permanent learning the laboratory method is 
perhaps slightly superior - Wiley. 
5. For providing knowledge and method of attack, 
the laboratory method is superior for the inferior pupil -
Knox. 
Conclusions claiming that the demonstration method is 
superior: 
1. Bright pupils are more likely to profit by the 
lecture-demonstration method than are the others - Anibel. 
2. Dull pupils profit more from demonstration than 
from individual laboratory work - Carpenter. 
3. The lecture-demonstration takes less time and costs 
less - Anibel. 
4. The teacher (Demonstration) method is best - Nash 
and Phillips. 
5. Lecture-demonstration method gives better control 
over the individual since all are under teacher guidance -
Pugh. 
6. For purpose of providing knowledge for both 
immediate and permanent retention and for the puropse of 
providing technique or handling new problems, the demon-
stration method is much to be preferred to the laboratory 
method in case of average superior pupil - Knox. 
l/ Op. cit., pp. 388-391 
Conclusions contending that the students achieves equally 
well by either method: 
1. Immediate retention is about equal in both lecture-
demonstration and individual-laboratory methods. - Anibel. 
2. There is not as great a difference as is ordinarily 
supposed in the value of the three methods, lecture, text-
book - and laboratory, so far as imparting knowledge is 
concerned - Wiley. 
3. The results of this experiment point to the con-
clusion that the majority of students in high-school, 
laboratory-chemistry classes, taught by the demonstration 
method, succeed as well as when they perform the experi-
ment individually, is success is measured by instruments 
which measure the same abilities as are measured by these 
tests, namely, specific information and ability to think 
in terms of chemistry - Carpenter. 
General conclusions based on evaluation of the reported 
research: ~ 
After considering the above conclusions the writers 
have arrived at a few ideas which seem justifiable in the 
light of the evidence given by this study. 
1. No method can be considered to be the best in 
every case. The objectives of chemistry teaching, the 
preference of the teacher, the nature of the pupil, and 
the facilities of the schools will largely determine which 
method should be used. 
2. In small schools where money and space are not 
plentiful the lecture-demonstration method seems to be 
most practicable. 
3. The written test cannot be used to test all the 
outcomes of a course in high school chemistry. Some sort 
of manipulative tests seem necessary to test the laboratory 
skills. 
4. The problems of the relative merits _of the lecture-
demonstration and individual-laboratory methods still seems 
unsolves and as complex as ever·. More careful experimenta-
tion, involving careful control of non-experimental factors 
and reliable testing, is needed in order to justify any 
definite and final conclusions. When experimentation has 
shown the relative superiorities of the methods in terms 
of outcomes, the methods should be eval uated in terms of 
the values attached to these outcomes. 
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Evidence of the evolution of teaching methods particularly by the 
visual method is apparent in the next study to be considered, that of 
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l/ 
Smith The visual method has been long recognized by leading educators 
as one of the most valuable ways of training pupils in all stages of 
learning. It is difficult, as a result, to find a school that does not, 
in one way or another, make use of visual aids in teaching. The alert 
teacher and administrator are constantly seeking suggestions and illustrations 
by means of which the vague conceptions of the pupils may be made into real 
facts and parts of their experience. Any method will not be overlooked 
'1:.1 
if it can provide both clarity and simplicity combined. 
ll 
In the study done by Smith the problem involved was: 
1. What is the relative effectiveness in ninth grade 
general science classes of experimental demonstrations 
performed by the teacher and equivalent demonstrations 
presented through the medium of educational sound motion 
pictures. 
2. The determination of the relative effectiveness of 
these two instructional techniques with pupils of 
different levels of intelligence. 
In the plan of study three methods of presentation were used: 
(1) teacher demonstration, (2) use of films, and (3) a combination of 
teacher demonstrations and the use of films. The conclusions made, as a 
result of this study, were as follows: 
1. Educational sound motion pictures and teacher demon-
stration are of equal merit as instructive devices in 
ninth grade general science when they include essentially 
the same materials in so far as merit can be determined 
l/ Herbert A. Smith, "A Determination of the Relative Effectiveness of Sound 
Motion Pictures and Equivalent Teacher Demonstration in Ninth Grade General 
Science", Science Education (April, 1949), 33:214-221. 
lf Paul Arthur, Lecture Demonstrations in General Chemistry , McGraw Hill 
Book Company, New York, 1939, pp. 2-4. 
'J_/ Op. cit., PP• 214-215. 
by the techniques employed in this investigation. The 
use of either method singly is as effective as the combina-
tion of the two. 
2. There is a tendency for increased intelligence as 
expressed in terms of an intelligence quotient to be 
accompanied by increased learning where learning is 
represented by the gain of final over initial test scores 
on the objective tests used in this investigation. The 
degree of relationship is independent of the method of 
instruction utilized ~ndicating the same relative value 
for sound motion pi ctures and teacher demonstrations 
portraying essentially identical materials regardless 
of the level of intelligence of the students. 
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Certain similarities exist between the problem of this science seminar 
!./ 
and the problem investigated in the study by Croxton. His problem was 
stated thusly: 
"Is the failure of children to generalize due primarily 
to lack of power or tendency, or is it simply due to want 
of sufficient experience ••• " 
In this study most of the experiments tested the pupils' ability to 
formulated and apply a principle after eight minutes exposure to the 
essential experimental basis in the form of a demonstration or directed 
']._/ 
play. The tentative conclusions made by Croxton are as follows: 
1. The data indicates that many children in the higher 
primary, the intermediate, and the junior-high school 
grades are capable of generalizing. 
2. While the experiments do not prove that most pupils 
in the kindergarden and lower primary grades could not 
generalize if a more adequate experience basis was pro-
vided, the data together with the evident obsession mani-
fested by these chi ldren for obtaining emotional satis-
!./ w. C. Croxton, "Pupil s' Ability to Generalize", School Science 
and Mathematics (June, 1936), 36:627-634. 
']._/ Ibid. , p. 634 
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faction do suggest that early childhood is preeminently 
a period for satisfying reactions. 
3. There is little in these experiments to suggest that 
junior-high school pupils possess markedly superior 
ability to generalize than intermediate grade pupils 
possess, the difference in the scores in favor of the former 
being little more than might reasonably be credited to added 
experience. 
In summary, therefor~, of the research and studies compiled by 
investigators on the value and the effectiveness of the lecture-demon-
stration, as compared to other methods of science teaching such as the 
individual laboratory method, the textbook method, and sound motion 
pictures, it can be concluded that \ ' the lecture-demonstration method of 
science teaching is equal to, if not better than, any other method of 
teaching. It incorporates direct experience of the pupils, pupil ex-
perience in thinking, utilization of the senses, understanding processes, 
application of scientific principles, and ability of the pupil to general-
ize. Through the use of the lecture-demonstration most, if not all, of 
these above qualities are satisfied. Again, the wtiter would like to 
cite the fact that the lecture-demonstration method is equal to, if not 
better than, any other method of teaching science. 
2. Criteria for a Good .Demonstration 
Statement of the Problem. --There are two problems involved in developing a 
list of criteria for a good demonstration: (1) to define clearly the 
word "demonstration" as it is to be used in this experiment; (2) to evolve, 
through reference to the literature, the criteria. 
Need for research.-- Since the demonstration is the instructional 
procedure selected for use in the experiment, it is necessary to clarify 
the meaning of the demonstration method. 
!_/ 
Noll has pointed out the fact that investigators seldom define 
teaching methods carefully and minutely enough. Various writers have 
recognized the need in research for accurate definition of terms. Like 
?:.I 
Noll, Riedel has made a plea for clear definition of teaching methods }./ 
and experimental procedures. Mack has stated that there are as many 
definitions of "demonstration" as there are authors treating the subject. 
fl./ 
Preston also realized this and called for clarification and unification 
of terminology. 
Most of the literature on the demonstration method fails to recognize 
the difference between the lecture-demonstration, the class experiment, 
. ?_I 
and the illustrated lecture. Preston attributes much of the success of 
lecture-demonstrations to their actually being class experiments. 
Definition of demonstration. --The demonstration is in this experiment 
actually a lecture-demonstration. Reference to the literature will help 
to clarify the meaning. First, the "demonstration" is defined by the 
l/ Victor H. Noll, The Teaching of Science in Elementary and Secondary 
Schools, Longrams, Green and Co., London and Toronto, 1939, p. 63. 
'];_/ F. A. Riedel, "What, If Anything, Has Been Proved as to the Relative 
Effectiveness of the Demonstration and Laboratory Methods in Sciencen' 
School Science and Mathematics (May, 1927), 27:513. 
'J/ Joseph A. Hack, "Desirable Qualities in Demonstration Apparatus", 
School Science and Mathematics (Jan., 1950), 50:21. 
4/ Carleton E. Preston, "Is the Debate in Common Terms?" Science 
Education (February, 1935), 19:14-16. 
2._1 Loc. Cit. 
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!./ 
Dictionary of Education as follows: 
"(1) The Method or process of presenting or establishing 
facts; (2) the procedure of doing something in the 
presence of others either for means of showing them how to 
do it themselves or in order to teach a principle." 
'!:l 
The same source defines the lecture-demonstration thus: 
"An instructional procedure in which the verbal message is 
accompanied by use of apparatus to illustrate principles, 
determine or verify facts, clarify different parts, or 
test for comprehension of material under discussion." 
11 
- .... o-
Preston further clarifies the concept of the lecture-demonstration as 
distinct from the class experiment: 
"In true lecture-demonstration the teacher shows every-
thing, explaining or interpreting each point as he, or 
some pupil, performs the work. In true class experiment-
ation the teacher endeavors, by well-directed questions, 
to get the members of the class to observe or come to 
conclusions themselves as to the proper interpretation, 
and perhaps to plan further steps or procedures. Thus, 
in the lecture-demonstration the flow of information and 
explanation is from teacher to pupils; in the class ex-
periment it is exactly the opposite." 
Elsewhere, in defining lecture-demonstration, Preston makes the point 
that "no questions interrupt the speaker and he asks his audience ndme, 
other than for rhetorical effect." 
Preston, however, does not distinguish the lecture-demonstration from 
11 Carter V. Good (Editor), Phi Delta Kappa, Dictionary of Education, 
McGraw-Hill Book Company, Inc., New York, 1945, p. 124 
£/ Ibid. , p. 238 
11 Carleton E. Preston, The High School Science Teacher and His Work, 
McGraw-Hill Book Company, Inc., New York and London, 1936,pp.l92-193. 
4/ Carleton E. Preston, ':'Is the Debate in Conunon Terms?" Science Education 
(February, 1935), 19:14-16. 
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the illustrated lecture as does the Encyclopedia of Modern Education: 
"The lecture-demonstration differs from the illustrated 
lecture in that the latter focuses attention on the screen 
and shows the relationships by means of pictures, slides, 
moving pictures or specimens while the lecture-demonstra-
tion focuses attention on the lecturer who shows the re-
lationships through the use of manipulation of physical 
material, machines or appliances.'' 
]j 
The meaning of "demonstration" is further expanded by the following 
~I 
observation made by Mack: "Inherent fn the concept of demonstration is 
the factor of movement of material things, not a static condition or dis-
play." This so-called dynamic quality of the demonstration leads 
~j 
Mack to exclude from the demonstration procedure certain standard 
teaching materials: 
"objects, unless they can be operated .•• so also, speci-
mens, samples and parts ••• Likewise models, as such, are 
barred unless they are working models; so also, miniatures 
and enlargements." 
Although micro-projection techniques are gaining increasing favor in 
. ':!_/ 
demonstration work, it would seem that this method should also be 
eluded on the same basi s as the other visual aids. 
2/ 
ex-
Further, Mack .-. r states that the demonstration is "an appeal through .. ,. 
the senses of sight and hearing and less frequently through ' the other 
l/ Harry N. Rivlin, Encyclopedia of Modern Education, The Philosophical 
Library of New York Ci ty, New York, 1943, p. 452 
~/ Op • Cit. , p. 21. 
'J/ Loc. Cit. 
f!_/ Mary A. Ott, "Microtechnique for Projection Demonstration in General 
Science", School Science and Mathematics (January, 1946), 46:68-73. 
i/ Op. cit., p. 21 
-so-
senses'~. He would, therefore, exclude from demonstration work materials 
that appeal to only one sense ; suchc.as, transparencies, pictures, charts, 
recordings and radio reproductions. 
Thus certain characteristics of the demonstration have been determined 
by definition. These are: 
1. The demonstration is an instructional procedure. 
2. It is frequently used to teach principles. 
3. It differs from the class experiment. 
4. It differs from the illustrated lecture. 
5. Movement and action are essential. 
6. It is an appeal through two senses: sight and hearing. 
The necessary implications of each of these statements have already been 
suggested. 
Review of the literature.-- A review of t he literature was made in 
order to discover those basic principles which might be used as a guide 
in doing demonstrations. 
First, a search was made to locate any previous studies that 
paralleled this investigation. The Bibliographic Index provided the 
necessary references. It was found that many investigators had subject-
ively listed criteria in one form or another. However, only one study, 
!/ 
documented with references, proved similar to this one. Mack covered 
many of the same sources in developing his checklist for evaluating desirable 
qualities of demonstration apparatus. He lists as "factors'' those conditions 
l/ Op. Cit., pp. 19-31. 
inherent in the physical surroundings and in good techniques and as 
"qualities" those conditions inherent in the apparatus. Much of his re-
search had to be duplicated in this review, but for a different purpose 
which called for more complete and descriptive statements. 
A working bibliography was developed consisting of five types of 
sources: (1) professional journals and science publications, 
(2) methodology textbooks, (3) teaching science textbooks, (4) audio-
visual texts and (5) books on experiments. The following reference 
sources were consulted: Bibliographic Index, Encyclop~dia of Educational 
Research, Bibliographies and Summaries in Education, Reader's Guide, 
International Index, Ulvich's Periodical Directory, Vertical File Service, 
and the Education Index. 
There was great variety in the nature of the material covered which in-
eluded such items as: 
1. Steps to follow 
2. Desirable qualities 
3. Desirable characteristics 
4. Points to keep in mind 
5. Rules for demonstrating 
6. Suggestions for making demonstrations effective 
7. Criteria 
8. General discussions of the demonstration method Works included 
in this study fall into four categories: (1) Those which deal with the 
demonstration in a general sense; (2) those from the field of biology 
(3) those from the field of physics (4) those from the field of chemistry. 
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Several of the authors in the first category, the "general", emphasize 
only one or a few aspects of the use of demonstrations. In discussing the 
!../ 
presentation of example demonstrations, Cahoon indicates certain steps 
taken to insure effectiveness of the demonstration and emphasizes only 
'1:.1 
visibility and size of apparatus. Colvin offers three cautions to be 
ll 
observed in class demonstrations. Hoff emphasizes only visibility and 
':!_/ 
planning. Pinkus suggests the need for apparatus especially designed 
for demonstration purposes and stresses the factor of visibility. 
'2._/ 
A few in this aeme group attempt more detailed coverage. Potthoff, 
for example, offers several suggestions for performing demonstrations 
effectively and contributes many excellent ideas. In discussing the art 
§./ 
of lecture table demonstration, Davison mentions several rules to follow 
I_ I 
in demonstrating. Rakestraw touches on six different aspects of the 
!./G. P. Cahoon, "Using Demonstrations for Providing Pupil Experiences in 
Thinking", Science Education (October, 1946), 30:196-201. 
'1:_/ Stephen Sheldon Colvin, An Introduction to High School Teaching, The 
Macmillan Company, New York, 1924, Ch. 12. 
ll Arthur G. Hoff, Secondary School Science Teaching, The Blakiston Company, 
Philadelphia and Toronto, 1947, pp. 188-189. 
':!_/ L. F. Pinkus, "Some Suggestions in Demonstrations", Science 
(October 20, 1933}, 78:364. 
2._/ Edward F. Potthoff, "The Use of Demonstrations in Science Teaching", 
Science Education (December, 1945), 29:253-255. 
§./H. F. Davison, "The Art of Lecture Table Demonstration", Journal of 
Chemical Education (June, 1927), 2:443-7. 
1_1 Norris W. Rakestraw, "The Function and Limitations of Lecture 
Demonstration", Journal of Chemical Education (November,l929), 
6:1882-1886. 
• 
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good demonstration in his extensive discussion of lecture-demonstration. 
Still others in the "general" group have systematically attempted 
!_/ 
to list criteria in some form. Billinger lists five require-
'!:_/ 
ments for a successful demonstration. Dale offers fourteen suggestions 
for improving demonstrations and eleven questions for evaluating them. 
ll 
Under "demonstration techniques", Haas lists ten steps to be completed 
before conducting the experiment and five suggestions for conducting it. 
~/ ~/ 
Heiss elaborates on seven excellent rules for demonstrating. Holley 
lists seven things a teacher can do to wnsure successful demonstrations. 
§j 
Mack developed a lengthy checklist of desirable qualities in demonstra-
?_1 
tion apparatus . In a group thesis edited by Murray five criteria for 
a demonstration were listed which had been developed in a seminar 
!./ R. D. Billinger, "Lecture Demonstration Experiments", Journal of 
Chemical Education (August, 1937), 14:375-7. 
'!:_/ Edgar Dale, Audio-Visual Methods of Teaching, The Dryden Press, 
New York, 1946, p. 125.130. 
ll K. B. Haas, "The Demonstration and Field Trip as Training Techniques". 
Business Education World (February, 1951), 31 : 291-293. 
~/ Elwood D. Heiss, Charles w. Hoffman, and El lsworth S. Obourn, Modern 
Methods and Materials for Teaching Science, The Macmillan Company, New 
York, 1950, pp. 171-2. 
~/ Charles Elmer Holley, High School Teachers Methods, The Garrard 
Press, Champaign, Illinois, 1937, p. 229. 
~/ Op, cit., p. 27-29. 
Ll Chalmers Murray (Editor), New and Improved Demonstrations, Each 
Illustrating a Single Science Principle, Unpublished Master's Thesis, 
Boston University, 1950. 
• 
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1/ 
discussion. Richardson and Cahoon list five criteria for a good demon-
];_/ 
stration. Selberg lists sixteen common errors in demonstration tech-
niques (actually class experiment techniques) and offers an excellent 
plan to follow in doing classroom demonstrations. In the second category, 
'}_/ 
the works from the field of biology, only one study was found. Gramet 
lists eight characteristics of the good demonstration. 
In the third category, works from the field of physics, the same 
breakdown can be made as for the first category. Among the few who 
!!.I 
emphasize only one aspect, Coyle stresses t he value and importance of 
2_1 
vertical mounting of apparatus on special boar ds. Also, Sutton stresses 
the need for simplicity and originality. Amoung his suggestions for im-
§/ 
proving physics teaching, Weaver stresses visibility and size of 
apparatus. 
l/ John S. Richardson and G. P. Cahoon, Methods and Materials for Teaching 
General and Physical Science, McGraw-Hill Book Company, Inc., New York, 
Toronto and London, 1951. 
];_/ Edith M. Selbert, "A Plan for Developing Better Techniques in Giving 
Science Demonstrations, Science Education (October, 1932), 16:417-420. 
3/ Charles A. Gramet, "Demonstration Lessons in Biology", Science Education 
(February, 1934), 18:33-36. 
':!_/ J. P. Coyle, E. C. Hansen, and R. B. Coe, "Demonstrations Made More 
Visible", Chicago Schools Journal (November, 1941), 23:64-8. 
2./ Richard M. Sutton, "The Importance of Scientific Instruments and Apparatus 
to the Teachers of Physics", Review of Scientific Instruments (December, 1941) 
12:573-582. . 
§j Elbert C. Weaver, "Teaching Physics Effectively", School Science and 
Mathematics (May 1944), 44-402. 
!_/ 
Hitchcock emphasizes action as the essential quality of good 
demonstrations and includes, as he elaborates this theme, many other 
criteria. 
Duff is the only one in the field of physics to make a systematic 
listing. He enumerates nine desirable qualities in demonstration experi-
ments. The fourth and final category, the works from the field of chem-
'}_/ 
istry, may be similarly analyzed. Arthur presented a lengthy dis-
1:!._/ 
cussion on visibility including many excellent suggestions. Reed dis-
cusses in some detail four aspects of good demonstrations and techniques. 
'j_/ 
Wiles also deals only with a few aspects of successful demonstrations. 
§_/ 
Dunbar lists eleven desirable characteristics in demonstrations. 
His list is based on Duff's and includes specific examples in chemistry, 
]_! 
Frank provides twelve suggestions regarding use of class demonstrations 
1/ Richard c. Hitchcock, "I Like Action in Physics Demonstrations". School 
Science and Mathematics (December, 1941), 41:832-839. 
2/ A. W. Duff, "Desirable Qualities in Demonstration Experiments"., School 
Science and Mathematics (Noverber, 1928), 28:857. 
'}_/ Paul Arthur, Lecture Demonstrations in General Chemistry, Mc-Graw-Hill 
Book Company, Inc., New York and London, 1939, Ch. 1. 
I:!_! Rufus D. Reed, "High School Chemistry Demonstrations" Journal of 
Chemical Education (Noverber, 1929), 16:1905-9. 
'j_/ L. A. Wiles, "The Value of Lecture Table Demonstrations in the Teaching 
of Chemistry", Journal of Chemical Education (September, 1928), 5:1109-1111. 
§_/ Ralph E. Dunbar, "Some Desirable Characteristics in Chemistry Demonstra-
tion Experiments", School Science and Mathematics (January, 1950), 50:19-31/ 
Ll J. 0. Frank, The Teaching of High School Chemistry, J. 0. Frank and 
Sons, Oshkosh, Wisconsin, 1932, p. 88-9. 
• 
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which he believes to be justified by the experience of a number of 
1/ 
teachers. Gould enumerates on eight to consider in planning and perform-
?:./ 
ing demonstrations. Van Horne offers five suggestions for the preparation 
of apparatus and materials and four rules to follow in conducting demonstra-
tions. 
Use of Criteria. -- The seminar in 1951 after careful consideration of 
criteria of a good demonstration in this field and condensation and tele-
scoping of this material produ~ed the criteria listed below. This group 
feels it is of no additional value in going on any further with this 
problem. It is an assumption these are good criteria. 
Selected criteria. -- The criteria for a good demonstration as used in 
. this experiment are as follows: 
CRITERIA FOR A GOOD DEMONSTRATION 
I. THE DEMONSTRATION SHOULD ILLUSTRATE A BASIC "PRINCIPLE. 
II. THE DEMONSTRATION SHOULD ILLUSTRATE ONE PRINCIPLE ONLY. 
III. THE ACTION OF THE DEMONSTRATION SHOULD BE CLEARLY VISIBLE 
AND AUDIBLE TO ALL. 
A. Remove all the audio-visual distractors. 
B. Make sure the lighting facilities are adequate. 
Spotlight or otherwise sufficiently illuminate 
the thing being demonstrated. 
l.f Arthur B. Gould, "Demonstration Experiments and Their Place in the 
Teaching of Chemistry", Journal of Chemical Education (February, 1931), 
8: 297-302,-
2:_1 Donald Van Horne, "The Lecture Demonstration Method in High School 
Chemistry", Journal of Chemical Education (January, 1930), 7:109-116. 
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C. Adjust window shades so that students can see 
from all parts of the room. 
D. If necessary, rearrange the seating so that 
everyone has an unobstructed view. 
E. Be sure that those with poor hearing and vision 
are seated appropriately. 
F. Have the demonstration table arranged so that 
all pupils can see the demonstration. 
1) Vertical mounting of apparatus is es-
pecially effective. 
2) Place the apparatus well forward on the 
desk, facing out toward the pupils. 
3) Place demonstration table in best posi-
tion for all to see from all angles. 
G. Wherever possible, make use of color contrast to 
make the apparatus or materials stand out. 
IV. THE APPARATUS SHOULD BE ON A LARGE SCALE. 
A. The apparatus must be clearly visible from the furthest 
corner of the room. 
B. Where a thermometer (or other meter) is essential 
to the demonstration, use a mock-up or working 
model to help the class visualize this part of 
the procedure. 
c • Large signs and diagrams may be used to supplement 
the spoken word 
1) They must be previously prepared. 
2) They must be clearly visible to all. 
3) Green print on yellow is preferable to 
black on white. 
V. THE DEMONSTRATION SHOULD WORK: IT SHOULD BE AS INFALLIBLE AS 
POSSIBLE. 
A. Apparatus should be in sound working condition. 
* B. Apparatus should be as simple as possible. 
1) Simplicity of operation. 
2) As few parts as possible. 
3) Avoid crowding, overlapping and masking of 
the parts. 
* c. The demonstration should be rehearsed in advance. 
D. The demonstration should be well-planned and preparea. 
1) Set up apparatus and have all materials 
carefully arranged on the demonstration 
table before the class meets. 
2) All the necessary measuring and weighing 
should be done before class. 
3) Scales and graduated should be placed 
away from the demonstration table when 
no longer in use. 
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VI. THE DEMONSTRATION SHOULD BE SIMPLE AND THE SPEED OF ACTION SUITABLE. 
A. Use simple setups and place the equipment in 
*--These might well be separate criteria. 
order on the table so that the action can proceed 
logically. 
B. Talk while you work. Be sure to: 
1) Emphasize the main points; do not digress. 
2) Keep summarizing as you go along. 
3) See to it that the demonstration moves on 
quickly to a conclusion; do not hurry or drag. 
C. Use a simple vocabulary. 
VII. THE DEMONSTRATION SHOULD BE DYNAMIC. 
A. By definition, movement and action are essential 
to the demonstration, 
B. Positive effects of motion are more impressive than 
null effects of static disply. 
VIII. A SLIGHT DRAMATIC ELEMENT IS SOMETIMES USEFUL. 
IX. AN ELEMENT OF THE UNEX+ECTED IS SOMETIMES EFFECTIVE. 
X. THE APPARATUS SHOULD BE 0F EASILY AVAILABLE AND INEXPENSIVE 
MATERIAL. 
XI. THE APPARATUS USED IN THE GIVEN DEMONSTRATION SHOULD BE 
STORED AWAY INTACT UNTIL IT IS TO BE USED AGAIN. 
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The frequency with which the above-mentioned criteria were mentioned 
by the sources consulted is indicated by the chart below. The count was 
made merely for general interest. It has,however, certain obvious values. 
The frequency of mention of the various criteria ~rovides means of es-
tablishing their validity. The table shows the relative importance of the 
criteria as recognized by these authorities. 
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3. The Test Technique 
A. Structure of the Test 
Multiple choice items. --The test is composed of approximately 
thirty muptiple choice items. Each item is in the form of an incomplete 
sentence, or a question, referred to as the stem, accompanied by three or 
more possible response. Of the possible resp~nses presented to the ex-
aminee, one is the best response. The examinee is also presented an 
answer sheet upon which he checks in the parenthesis the response he has 
selected. The construction of the response items, in accordance with 
!/ 
suggestions made by Ross , has been grammatically consistent, approxi-
mately of equal length, and plausible, in so far as possible. The writer 
has endeavored to make the type of responses for each item homogeneous 
in nature, in order to detect higher levels of understanming and dis-
crimination. 
This "best-answer" variety of the multiple choice test means simply 
that one response best refers to the stem of the item. Each item pro-
?:_/ 
vides " a response that competent critics can agree upon as best. " 
The competent critics in this specific situation compose a group of 
in-service science teachers. The writer has taken great care to "make 
all distractors plausible and attractive to examinees who lack the 
11 c. C. Ross, Measurement in Today's Schools, Prentice-Hall Inc., 
New York, 1947, p. 150 
~/ R. L. Ebel and E. F. Lindquist (Editor), Educational Measurement, 
George Banta Publishing Co., Menasha, Wisconsin, 1951, p. 232 
• 
!/ 
information or ability tested by the item", and "avoid highly techni-
?:/ 
cal distractors" • In referenc¢ - to the multiple choice type test, 
ll 
Odell states that !!they may be used to test not only knowledge of facts 
\ 
and amount of acquired information, b~t also knowledge of cause and 
effect relationships, ability to make .comparisons, to evaluate, to apply, 
to illustrate, to define , and so forth. They are easier to prepare, and 
~I 
also to score, than some of the other types." He further adds "almost 
all kinds of multiple answer tests can be constructed so that they possess 
practically perfect objectivity." The scorer is not faced with the prob-
lem of partial credit on this type of an examination. Either the response 
that is checked upon the paper is correct, or it is not correct, with no 
qualifications. 
Levels of difficulty. -.-The writer is making an attempt to determine 
to what probable extent application and recognition, as well as under-
standing of a scientific principle have been gained through the demon-
stration activity. For this reason, it is necessary for the examiner to 
approximate the difficulty range ·of the test items which he has prepared. 
'j_/ 
It is well recognized that there are various levels of learning. In order 
l/ Op. cit. , p. 234 
~/ Ibid. , p. 235 
ll C. W. Odell, Traditional Examinations and New-Type Tests, The Century 
Co., New York and London, 1928, p. 282 
(!./ Op. cit. , p. 282 
'j_/ W. A. Brownell and U. M. Sims, The Measurement of Understanding, 
Forty-fifth Yearbook, National Society for the Study of Education, 1946, 
University of Chicago Press, Chicago, Illinois, pp. 27-43. 
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to measure these levels of learning, a testing device of various levels 
of difficulty must be constructed. The actual judgment of item difficulty 
must be left up to the subjective judgment of the test constructor. "The 
use of subjective judgment in estimating item difficulty at the stage 
of item construction is to be encouraged. Such judgments, when based on 
all available experience, are distinctly helpful in leading to the con-
~/ 
struction of items of the desired difficulty." The constructor has 
ample opportunity to construct the items of various degrees of difficulty 
by using more remote subject matter applications, or by including un-
~/ 
usually good distractors in the test items. Odell states that, in 
reference to good distractors, "their selection Ldistractori/ will depend 
to some extent upon how difficult it is desired to make the test. In-
correct answers should, however, never be obviously incorrect to a pupil 
who knows little or nothing of the matter dealt with .••• " 
The various leVels of learning may be broken down to three broad 
categories. The first level of learning may be labelled, or described 
as mere factual retention. The second level employs ·enpugh understanding 
of the factual retention so that the learner can recognize and apply, in 
simple situations, the principles or concepts which he has retained. 
The third level of learning is reached when the learner can recognize 
and apply the understanding of the factual material to more complex, 
unfamiliar, and difficult situations. The test has been constructed with 
these three levels of learning in mind. The first third of the test is 
concerned with items of the first level of learning, and so on. Thus, 
l/ K. W. Vaughn and E. F. Lindquist (Editor), Educational Measurement, 
George Banta Publishing Co., Menasha, Wisconsin, 1951, p. 174 
~I Ibid. , p. 286 
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the test can be said to measure three levels of learning, all :concerned 
with the same demonstration, and the same scientific principle. This 
method of testing tells the examiner to approximately what extent the 
pupil can recall, understand, or apply the principle. 
Vocabulary. --It is only logical for one to assume that the vocabu-
lary used throughout the experiment must be consistent, or at least on 
the same level. Vocabulary comprising the test must, of necessity, be 
equivalent to that used during the demonstration. Inconsistent vocabu-
lary is one of the factors which could unfavorably affect the reliability 
of the testing program. If the vocabulary within the testing device is in-
consistent with that of the oral demonstration, one can expect a low re-
liability of the whole testing procedure. Reliability, itself, is the 
consistency with which a test measures "what it measures". 
The vocabulary of the testing device has been amended by the critic-
jury to establish consistency of covabulary throughout the experiment and 
vocabulary comprehension at the grade level at which the test is used. 
The test tryout. ---"After a set of test items has been written, 
criticized by subject matter experts, and revised on the basis of their 
criticisms, it must ordinarily be tried out experimentally on a sample of 
ll 
examinees." Prior to any experimentation, the test was subjected to a 
tryout on at least one hundred pupils of equivalent age and grade level, 
but are not included in the experiment. This independent tryout tended 
to expose any unusually poor i terns, or poor dis tractors among'~ the possible 
responses. Such items could be dropped completely from the test, or 
l/ H. s. Conrad and E. F. Lindquist (Editor), Educational Measurement, 
George Banta Publishing Co., Menasha, Wisconsin, 1951, p. 250 
-u ...... -
eliminated in the final tabulation of the total results. 
As was stated previously, the total number pf items in the test 
approximates thirty, but some may be dropped due to the discretions of 
the critic-jury, or as a result of the test tryout. 
The test period. --The length of the testing period for both the 
pre-test and the post-test has been indefinite, in so far as no specific 
time limit has been set for either of the tests. The test period may 
continue on until every pupil has completed the test, in so far as 
possible. Each pupil is allotted sufficient time to at least read all of 
the items presented him. A multiple choice test of thirty items can be 
approximated as requiring about ten minutes to be read through completely. 
!/ 
Odell has recommended that "on the average elementary-school pupils 
be expected to respond to three or four such exercises [multiple choice 
itemi/ per minute." 
By allotting sufficient time for all examinees to attempt all the 
items, the influential factor of time itself is eliminated. As stated 
J:./ 
by Lindquist "The most common way of reducing or eliminating the in-
fluence of time on tests is to set the time limits so liberally that all, 
or nearly all, pupils are able to consider or attempt all the items in 
the test." Pupils are told to complete all items, and are watched to 
see that they keep at this task until finished. 
11 C. W. Odell, Traditional Examinations and New-Type Test, The Century 
Co., New York and London, 1928, p. 285. 
J:./ A. E. Traxler and E. F. Lindquist (Editor), Educ-ational Measurement, 
George Banta Publishing Co., Menash, Wisconsin, 1951, p. 340. 
B. Aims and Use of the Test 
Employing statistics. --The test is an instrument devised to obtain 
statistics for measuring growth of learning, due to a specific educational 
experience, namely a scientific demonstration. Every effort has been 
made in the construction of the test to measure as precisely as possible, 
the "meaningful learning" that has been grasped by each pupil subjected 
to the demonstration and the test-retest procedure. The oniy descrmp-
tions of the learning and understanding that have teaken place are the 
statistics which can be applied to the results of the tests taken by the 
l/ 
examinees. In accordance with Guilford, it appears obvious that 
"statistics enable us to suunnarize our results in meaningful and convenient 
form". The summaries of the test results will enable educators in the 
field of science education to make general conclusions and predictions 
concerning the presentation of the particular scientific principle that 
has been demonstrated. Experimental and statistical methods cannot be 
divorced from each other , in so far as, "The experiment directs our 
observations and yields data. By means of statistical methods, we can 
~I 
suunnarize those data, interpret them, and determine their reliability. " 
ll 
In this respect, Brownell has stated that "Altogether too connnonly 
understandings are disregarded in evaluation (and in teaching) in favor 
of outcomes which are more easily measured (and achieved)." 
l/ J. P. Guilford, Fundamental Statistics in Psychology and Education, 
McGraw-Hill Book Co., New York and Londoa, 1942, p. 3. 
~/ J. P. Guilford, Op, cit., p. 156. 
ll w. A. Brownell, The Measurement of Understanding, Forty-fifth Yearbook, 
National Society for the Study of Education, 1946, University of Chicago 
Press, Chicago, Illinois, p. 2. 
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Test-retest method.--!£ the educator is to measure growth, or 
learning, due to some specific learning activity, he cannot overemphasize 
!/ 
the "importance of knowing initial status with respect to understanding. " 
The writer is convinced that the only reliable method of measuring the 
amount of learning, due to some specific activity, is by means of the 
test-retest method. That is, by administering identical tests prior to, 
and after the learning situation. It is conceded that "not all the gain 
found can be correctly attributed solely to the remedial program Lthe 
demonstration perio£7 • Some of it is doubtless due to the practice effect 
or to familiarity with the test itself, part of it to teaching received 
!:_I 
outside of school, and part of it to fi~tural growth." For purposes of 
predicting this "probable gain", the writer has made use of a control 
group in the experiment. 
What the test endeavors to determine. --Any increase in scores of 
the control group on group on the post-test (the same test that has been given 
the second time) may be labelled as the probable gain that can be 
attributed to familiarity, or external factors concerning·'. the test. The 
writer has sought to determine the significant increase of the scores on 
the post-test of the experimental group, and compare this increase with 
any possible increase made by the control group on the post-test. By 
knowing approximately what percentage gain on the test scores may be 
attributed to "chance" , as determined by the control gr9up, the writer is 
able to conclude in this instance, that any significantly larger gain in 
l/ H. R. Douglass and H. F. Spitzer, Forty-fifth Yearbook, Qp.cit. ,p.24. 
'2:./ c. c. Ross, Op. cit. , p. 206. 
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the scores of the experiment group has been due to learning gained during 
the demonstration process. 
Assuning that the constructed test is both reliable and valid, 
• statistics applied to the results emanating from the test will yield invaluable data in predicting at what grade, or grades this specific 
scientific principle can be presented with predictively good results/ 
Statistical interpretations of the test results are the means to these 
!_I 
predictions. This is stated in essence by Guilford who states that 
"statistical reasoning is basic to all predictions". 
C. Characteristics of the Test 
Reliability of the test.-- The reliability, being the precision and 
consistency with which the test measures "what it measures", is a most 
important characteristic of the test. In this specific testing situation, 
the scores on the pre-tests and post-tests given to the experimental group 
cannot be correlated for purposes of determining reliability since the 
material being tested has been presented to the examinees in the period 
intervening the two tests. 
All external factors concerning the test have been kept as consistent 
as possible. The element of time does not detract from the reliability, 
because provisions have been made for each pupil to at least consider all 
!/ Ibid. , p. 176 
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the test items. The influential time factor has been kept at a minimum. 
l/ 
Lindquist concurs in stating that "The procedures {testing_/ become 
entirely unsatisfactory particularly in any test in which speed is a sig-
• 
nificant element in the score" • 
The sampling of the material has been adequate, since all the test 
items have been constructed on the basis of a single scientific demonstra-
tion. A test of high reliability is further assured in the length of the 
test. It is generally conveived that the longer the test, the higher the 
reliability. The test in consideration contains approximately thirty 
items, measuring the understanding derived from a single scientific 
principle. 
Validity.--Validation of the test items has been by jury, as mentioned 
previously. The jury was composed of in-service science teachers. 
l/ E. F. Lindquist (Editor), Educational Measurement, op.cit., p.617 • 
• 
CHAPTER III 
EXPERIMENTAL PROCEDURE 
1. The Principle 
Statement of Principle.r- The scientific principle used by 
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the investigator in this experiment was: "Whenever an opaque object 
intercepts rays of radiant energy, a shadow is cast behind the object;" 
Purpose of the Experiment.-- The purpose of this experiment was to 
determine at what grade level this scientific principle can be under-
stood by the pupils in a given grace and how this principle may be 
most effectively taught. 
Plan of operation.-- The investigator gained the permission of 
J. J. Morgan, Superintendent of Schools in Saugus, Massachusetts t o 
work with the four sixth grades of the Central Elementary School of 
Saugus. The large majority of pupih 'were from middle-class families 
of the same socio-economic level. The other three sixth grade 
teachers cooperated with the investigator who is himself the teacher 
of the other sixth grade tested. 
The classroom procedure was as follows: 
1. Each classroom was given the Otis Quick-Scoring Mental 
Ability Tests some time before the demonstration. These 
Tests were used to establish mental age levels in each 
classroom group. 
2. The classes were divided into control and experimental and 
control groups by random selection. 
3• A pre-test was given to both groups at the same time. 
4. The control groups were given specific unrelated assignments 
in language and history which was carried out under the 
supervision of the classroom teacher. 
5. The demonstration was presented to the experimental group 
in another classroom. 
6. The post-test was given simultaneously to both groups. The time 
limit for pre and post tests was fifteen minutes. 
7. The investigator gave the demonstration and lecture to the 
control group following testing to satisfy the curiosity 
of control pupils and teachers. 
2. The demonstration 
Description of equipment.-- The equipment used in this 
demonstration consisted of four posters, an X-Ray film, a piece 
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of demonstration apparatus, flashlight, mirror, and colored glasses. 
1. Posters. See Plate I, Appendix 
a. The first poster illustrates how an object may 
intercept rays of radiant energy. It is to be noticed that 
radiant energy waves travel in straight lines and that when 
they strike a reflecting surface the area immediately behind 
such surface is shaded. A breakdown of the components of sun-
light was included on this poster. The principle was illustrated 
in class by shining a flashlight on a mirror and pointing out 
the lack of "flashed-light" behind the mirror. 
b. Th~ . second poster presents two important ideas. 
The main idea is to illustrate the fact that radiant energy the Sun, 
travels from a source, in straight lines and is often intercepted 
by objects such as the Moon and Earth. On the side of such objects 
facing the source there is radiant energy and conversely of the 
opposite side there is none. This absence is represented by 
a shaded area on the poster. The second idea represented of 
this poster is the analysis of a section of radiant energy. 
This section is represented by a cube, the types of energy 
making up radiant energy being listed to the right of this cube. 
The necessity of radiant energy to life and comforts as we know 
them was stressed. 
c. The third plate illustrates the fact that when rays 
of radiant energy strike an absorbing material, some or all of 
these rays, depending on the density and thickness of this 
material, are absorbed. Again rays of radiant energy are 
depicted as travelling in straight lines. These rays, upon 
striking a block of absQrbent material are taken in by it and 
broken up into smaller rays of radiant energy which are in turn 
trapped in the material, with the result that no radiant 
energy gets through and a shadow is formed behind the material. 
There is no shaded area behind the material because the author 
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thought that the plain white area would illustrate more graphically 
that a shadow is the absence of radiant energy. In the demonstration 
an anology was made between this principle and that of sound waves striking 
celote. 
I also covered a flashlight with successive layers of black cloth 
commenting on the fact that less radiant energy penetrated as 
my absorbant material became increasingly thicker. 
d. The fourth poster is an illustration of absorption and 
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reflection working together. This is an illustration concerning 
television which is of current interest to all children as their 
favorite medium of communication. The Poster illustrates the fact 
that television waves travel in a straight line from the trans-
mitting antenna. Objects in the path of these waves will cause 
some reflection or absorption of the television waves and behind 
large objects recep t ion will be very poor or non-existant. In 
this poster the essentials are present: the transmitting antenna, 
the absorption and reflection of television waves by a large hill, 
and the home with its receiving antenna. The fact that only 
television waves which had been reflected around the hill could 
reach the antenna was stressed, and the conclusion followed that 
unless the occupants of our poster house raised their antenna 
above the intervening hill television reception would be either 
veuy poor of non-exsistant. 
2. X-Ray.- The X-Ray was a full sized chest plate, (see Plate I.,) 
When held against t he demonstrator's chest his white shirt 
brought out detail so that the structure of the human thorax 
could be examined in proper perspective. It was pointed out that 
bones could either reflect of absorb radiant energy and that 
where ever this energy was absorbed a Light place was formed 
on the plate. It was pointed out that in this way any obstruction 
or lesion within the body may be observed without entering the 
body itself. Reference was made to the use of X-Ray in the 
testing of dense objects to detect faults within them. 
3. Apparatus. Plate I indicates the arrangement of the apparatus 
used in this experimental demonstration. All the material used 
in the demonstration can be carried within the case that holds 
the apparatus. The case is a plywood box, three feet long, two 
-73-
feet high, and one foot wide. It is painted black and is equipped 
with carrying handle and a hinged cover. Located on the inside 
left wall is a photoelectric cell connected to a single-pole 
double throw relay. This relay operates two seven and one half 
watt bulbs which are situated at the top of the case. Directly 
opposite, on the right wall of the case are three sources of 
radiant energy; a tungsten visible light bulb, an infra-red light 
bulb, and an ultra-violet bulb. These bulbs represent three forms 
of radiant energy to be found within the electr-magnetic spectrum. 
For the protection of the operator, and in order that the light 
energy be beamed, each bulb was enclosed in a cylindrical reflector. 
At the bottom of the case, and directly under the reflectors, is 
the switch box that controls the photoelectric relay and the 
three sources of radiant energy. This apparatus was invaluable 
in the demonstration that radiant energy would pass through 
transparent objects such as glass or ceibphane, even though 
colored while reflecting and absorbing materials such as the 
mirror and black cloth would intercept the beams of radiant 
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energy and thus activate the photoelectric cell opposite. 
5. ·Lecture. The lecture given in conjunction with this demonstration 
was memorized by the demonstrator and took about fifteen minutes 
to deliver. It was designed to teach as effectively as possible, 
during the allotted time, the principle chosen as the basis for 
this exp~riment. The lecture was given to both experimental groups 
within fifteen minutes of each other. 
3. The Test 
Description.-- The test contained twenty six multiple- choice items 
written in both interrogative and declarative forms. 
The test was designed to test understanding of one science principle 
and therefore, there is some similarity between items. The test items 
fall in three classes, in order of difficulty. These classes were (ll 
those items which are common to the pupils experiences, including items 
touched on by the demonstration, (2) those items which are specific 
questions and m~y or may not be within the students experience although 
he or she may not be conscious of it, (3) application of this science 
principle beyond his experiences. In short, items were selected to include 
some directly related to the demonstration and some that were practical 
applications of the principle involved. A colored answer sheet was 
issued with each test booklet. The color of the answer sheet indicated 
whether the pupil was experimental or control, which room he or she was 
in, and whether the test · was a pre or a post test. Pre and post tests 
were indentical. (See Appendix) 
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Scoring.-- In order to make procedure shorter and easier, a 
number of quick-scoring keys were made. Upon completion of corrections 
of all tests , the results were transferred to pupil record cards designed 
for this series of projects. On this card is recorded the name of the 
pupil, the chronological age, the mental age, the school~ the grade, 
and the teacher's name. There were thirty spaces to crcord the results made 
by each pupil on each item. The protest was scored in red and the post-test 
was scored in blue. If the answer was not correct or was omitted, the 
space was left blank. A copy of this pupil record card is contained 
in the appendix. 
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CHAPTER IV 
TREATMENT OF DATA 
1. Performance of Different Mental age Groups 
Number of students.-- A total of 143 students participated 
in this experiment. Of these,l9 were immediately because of 
absence of the day the demonstration was given. Of the remaining 
134 students 62 were in the experimental group and 62 were in the 
control group. 
Charting performance of mental age groups.-- The pupil record 
cards were separated into groups according to their mental age 
level, according to the Otis scores and set up in 12 month intervals. 
This was done separately f or both control and experimental groups. 
I The post-test performance of each student in each mental 'age interval 
was then recorded. The median score and inter-quartile range for 
each interval was found. Their results were charted to show the 
relationship in performance of the control and experimental groups. 
Results as shown in Table I.-- The figures contained in Table I 
show that there is an appreciable difference between pre· and post -
test results of control and experimental groups. The median score 
of the experimental group is on the average three points higher 
than that of the control group. The inter-quartile range of the 
experimental group is also higher than that of the control group. 
' ' 
Table I. Performance of Different Mental Age Groups for the 
Control and Experimental Population on Post-test 
Results 
Mental Age Control Group Experimental Group 
in Years N Median IQR N Median IQR Score Score 
(1) (2) (3) (4) (5) (6) (7) 
15 - 16 2 12 10 - 13* 2 16 15 - 17* 
14 - 15 2 11 9 - 13* 4 16 13 - 20 
13 - 14 8 10 4 - 13 10 14 10 - 18 
12 
- 13 13 9 6 - 13 15 15 9 - 24 
11 - 12 14 9 5 - 14 15 14 7 - u 
10 - 11 11 9 5 - 14 6 13 8 - 17 
9 - 10 7 7 5 - 15 5 10 6 - 13 
8 - 9 4 6 5 -11 4 9 6 - 18 
7 - 8 1 10 10* 1 6 6* 
Total 62 62 
* Less than four cases - therefore total range given 
N = number of cases 
IQR : inter-quartile range 
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2. Finding the Representative Class 
~he Representative class.-- It was to be desired that in this 
study to have classes that were representative of all classes at sixth 
grade level. It was assumed that there were members in any class at 
both ends of a distribut ion who could not be considered normal for that 
class. The mid-eighty percent of a class is believed, for the purpose 
!/ 
of this study, to be a t ypical or representative class. It was thus 
necessary to locate the mid-eighty of these classes. 
Reason for the Repr esentative class.-- The selection of the mid-
eighty percent to represent the typical class is based on the assumption 
that in most classrooms where heterogeneous grouping of pupils is followed 
there is such a wide dispersion of I.Q.s that it is difficult to obtain a 
true picture of the class norm. The elimination of the upper and lower 
ten percents brings the class into a workable homogeneous group. 
Determination of the mid-eighty percent.-- From a frequency table of 
the Otis raw scores, 'the mean and standard deviation was obtained for each 
of the four participating classes. The arithmetic mean was found by use 
of the formula: 
M :!o M' +-~D i 
where M represents the mean, M' the assumed mean, EFD the sum of frequencies, 
i the class interval. 
The formula used for calculating the standard deviation when computed 
from an assumed mean for scores of a frequency table is: 
2 2 
8' =t: i EFD _ (EFD) 
N N 
1/ Herbert A Oxendine, The Grade Placement of the Physical Science 
Principle "Sound is Produced by Vibrating Material" in Relation to 
Mental Ages, Unpublished Doctor's Dissertation, Boston University, 
1953, pp. 62-64 
2 
in which G is the standard deviation, £FD the sum of the frequencies 
multiplied by the square of their respective deviations, and other 
symbols as previously noted. 
The standard deviation multiplied by the constant 1.28 yielded a 
product which, when added to and subtracted from the mean, gave the 
upper and lower limits of the mid-eighty percent. These results were 
rounded off to the nearest whole number. Each group of pupil record 
cards was arranged in ascending order according to the Otis raw score. 
Cards bearing scores beyond the mid-eighty limits were removed and 
marked deviates. These deviates were not used further in this study. 
Due to the chance of massing Otis scores at the upper ~r lower levels, 
a check was made to ascertain that exactly eighty percent of each class 
remained. Adjustments were made where necessary in order to retain the 
required eighty percent. 
3. Item Analysis 
Purpose of item analysis. It was desired to determine those items 
of the science test that were not serving well and eliminate these items 
in the final analysis of the data. 
Procedure for item analysis.-- The item analysis was based on the 
performance of the upper and lower twenty-seven percent of this level. 
Four notations were made for each item, and the frequency with which each 
item was marked correctly was recorded. The individual items in each group 
were analyzed separately as to the frequency with which an item was (1) 
answered correctly on the pre-test only, (2) answered correctly on 
both the pre-test and the post-test, (3) answered correctly on the post-
test only, and (4) answered incorrectly on both pre-test and post-test. 
"In the multiple-choice type of test ••••• lucky guessing increases 
a student's score considerably and also increases the proportion of 
passing individuals. Proportions that are thus artificially inflated 
because of the factor of guessing should not ordinarily be used for 
scaling purposes unless corrections .for guessing can be made. "l/ 
The proportions passing each science test item were applied to 
'l:_/ 
a chart prepared by Guilford to facilitate the correction to be 
made for quessing. The corrected proportions passing were then applied 
2/ 
to the Davis table to Determine the difficulty index for each item 
for each group. Only the difficulty index was used in this study. 
Criteria for eliminating items.-- All items of the test used 
were subject to the following criteria: 
1. When the difficulty index for the item indicates no gain 
from the lower grade pre-test to the higher grade pre-test. 
2. Items that were too easy, that is, when seventy-five percent 
of the pupils in the lower grade get the item correct on the 
pre-test. 
3. Items that are too difficult, that is, 25 percent or less of 
of the pupils in the higher grade failed to get the item right 
on the post-test. 
4. When the difficulty index indicates no gain from the 
17 J.P. Guilford, F4tndamental Statistics in Psychology and Education, 
McGraw-Hill Book Company:,· Inc., New York, 1950, pSSO. 
'l:_/ Ibid. , p552; 
• 
.-:8j.-
11 Frederick B Davis, Item-analysis Data, Their Computation, Interpolation, 
and Use in Test Construction, Graduate School of Education, Harvard 
University, Cambridge, 1949, Appendix B, p 43. 
pre-test to the post-test at both levels on any item. 
5. When the difficulty index shows a gain at the lower grade and 
a loss at the upper grade from pre-test to post-test. 
A total of thirteen items were eliminated; Items 2,3,16,17,24,and 25 
were eliminated by criterion 1. Criterion 2 eliminated item 1. Items 
6 and 9 were too difficult and were omitted because of criterion 3. 
Items 11, 12, 20, and 21 were eliminated by criterion 4. No items were 
eliminated by criterion 5. 
Rescoring Test.-- The pupil record cards were rescored after 
eliminating these items. A table was made to indicate the performance 
of the mid-eighty percent of the control and experimental groups. The 
figures in Table 2, which were derived from the new scores, show approximately 
the same results as Table 1. 
4. Reliability and Level of Mastery 
Finding Reliability.-- If a test has been analysed using such 
stringent criteria as are mentioned above in the item analysis, this test 
should prove reliable. Further, because this test has been given twice, 
on the same principle, and under much the same conditions, reliability 
could be found on the test-retest basis. To check the reliability the 
Pearson Product Moment Co efficient of Correlation was used, The Pearson 
correlation coefficient, (r), was computed from the following formula: 
• 
ExY - CxCy 
~ N 
6x6y 
in which N is the number of cases, 6x the standard deviation of the 
distribution on the pre-test or X-axis, 6 y the standard deviation 
of the distribution on the Post-test or Y axis, C X the correction 
on the X-axis, c y the correction on theY-axis, and ExY the sum of 
=sz-
the products of the deviations of each measure from the central tendency of 
the X-and Y-axes. 
The reliability of the pretest of the sixth grade control group 
was found to be 0.82 which shows adequate reliability. 
Finding the level of mastery~-- The level of mastery was defined 
as the score a student must attain to exhibit sufficient understanding 
of a principle. To find the level of mastery the means and the stand-
ard deviations of the sixth grade control and experimental groups on 
the pre-test and post-test corrected results were found. The standard 
0 
error of the obtained measure ( ~ ) was found for each group from the 
formula: 
6t= 6 1-r 
in which is the standard deviation, and the reliability as found by the 
Pearson correlation coefficient. Then by applying a one percent level 
of significance to the standard error of the obtained measure and 
subtracting this result from the number of items in the rescored test, 
the level of mastery for each group was determined. By formula this would be: 
L=K-2.586t, 
where L is the level of mastery and K the number of items on the rescored 
test. 
TABLE II - Performance of Different Mental Age Groups for the 
Control and E perimental Population on Rescored 
Post-test Results 
Control Group Experimental Group 
Mental Age 
in Years 
N Median IQR N Median IQR Score Score 
(1) (2) (3) (4) (5) (6) (7) 
14-15 2 8-9* 4 9 8-12 
13-14 7 4 2-9 10 9 4-10 
12-13 14 4 2-10 14 9 6-13 
11-12 13 5 2-8 14 8 4-10 
10-11 11 6 5-7 6 8 5-11 
9-10 3 5-7* 2 8-9* 
Total 50 50 
* Less than four cases - therefore total range given 
N = Number of cases 
IQR = inter-quartile range 
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5. Results 
Similarity of groups.-- Table 3 was devised to show the similarity 
of results between the control and experimental groups on the pretest. 
Note in Table 3 how close numerically were the means and standard 
deviations of the control and experimental groups in this sixth grade. 
They are close enough to say the classes are similar. 
Finding the pr-oportion passing. -- The control and experimental 
groups were checked to see how many cases on the pre and post-tests 
were above the level of mastery. The number of cases in each group 
was divided by the number of cases in that group to obtain the proportion 
passing. 
The proportion passing~- The means, standard deviations, and the 
proportion passing of the control and experimental groups were charted. 
(See Table 4) 
Table III - Means and Standard Deviations of the Pre-test for the 
Sixth Grade Control and Experimental Group 
Control Group Experimental Group 
Grade 
Mean Standard Mean Standard 
Deviation Deviation 
(1) (2) (3) (4) (5) 
Pre 4.47 2.11 5.23 2.19 6 
Post 4.65 2.16 7.34 2.23 
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Table IV -Means, St andard Deviations and Proportion Passing on 
Pre-Test and Post-test for the Sixth Grade Control 
and Experimental Groups 
Cont rol Group Experimental Group 
Grade TEst 
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Mean S.D. P. P. MEAN S.D. P. p 
(1) (2) (3) (4) (5) (6) (7) (8) 
6 Pre 4.47 2.11 0% 5. 23 2.19 2% 
Post 4.65 2.16 0% 7.34 2.23 9% 
S.D. = Standard Deviation 
P.P.= Proportion passing in percent 
APPENDIX 
r. 
CHAPTER IV 
CONCLUSIONS 
It was the purpose of this study to add to the ever in-
creasing knowledge concerning an "index of learning ability" 
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for a series of science principles. This research has been 
carried on all over New England in an attempt to help the "in 
service" teacher better utilize his time in the field of science. 
Although the numbers employed in this research are not ade-
quate to ~ive a complete picture, certain conclusions neverthe-
less are apparent. In order to say that a science principle 
has been understood by a group, at least fifty per cent of that 
group should have passed the post-test, but as the highest per-
centage of gain was nine per cent the investigator concludes 
that this particular principle, "Whenever an opaque object in-
tercepts rays of radiant energy, a shadow is cast behind it," 
is beyond the comprehension of sixth grade pupils. 
As there was some gain after demonstration, coupled with 
the fact that this was the student's introduction to the field 
of light, there seems evidence that this demonstration may have 
been more successful on the junior high level. After a larger 
and wider sampling of students has been undertaken this belief 
can be either substantiated or repudiated. 
It is the opinion of this writer that it would be most 
worth-while continuing these experiments on the higher grade 
level, as by so doing the concept of true placement of science 
principles may emerge. 
Script 
Well, boys and girls, from the test you have just taken you might 
wonder what this business is all about. Right now you are probably 
trying to make all the parts of this jigsaw puzzle fit together. What 
has ultra-violet light to do with sunburn? What do the questions 
concerning eclipses, radiated heat and television have in common? At 
first there doesn't seem to be any logical reason for their being tied 
together. 
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Let us look at this first poster. In the upper left-handcorner we 
have represented the sun. From the sun we have these beams of energy 
going to the earth and moon. For the time being we will call this 
energy sunlight. If you'll look closely you'll see that all the sun's 
light falls on the half of the earth and the half of the moon facing 
the sun. Here on this darker side of the moon and earth we have a 
situation where no light is present. In other words, there is no solar 
energy. An astronomer might call this the earth's or moon's shadow; 
but I myself, and you too, probably,, refer to it as night time. 
Now take this poster as a whole. Notice this little red cube that 
has been lifted out of one section of this ray of solar energy. If we 
take any part of any section, but here represented by this cube, out of 
any ray of solar energy, we will find all of these component parts 
present:- gamma rays; X-rays; ultra-violet light; visible light; 
infra-red light; radio, T.V. and sound waves. Therefore, when it is 
night time here on earth, we are in such a position that none of these 
different types of energy from the sun are reaching us. 
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Why is this so? There are two good sound reasons that can explain 
it. The first is represented on this second poster. On your left we 
have these parallel lines which represent beams of energy. Over here 
we have a reflecting surface which is at a 45 degree angle to the 
beams of energy. If we cal l these beams of energy light rays from 
a flashlight and the reflecting surface a mirror, then when the light 
from a flashlight is shone on a mirror a situation exists where the 
beam of light is turned or reflected away. Immediately behind this 
mirror there is no light from the flashlight present. On this poster 
this absence is represented by a shaded area. If we take our example 
of sunlight shining on earth, this would be similar to our night. 
In other words, no energy is present here that comes directly from a 
source such as the sun or a flashlight. 
On this next poster we have the principle of absorption. Radiant 
energy waves, coming in straight lines, hit this block of absorption 
material •. When they hit, these rays are taken into the material and 
broken up into smaller rays. These smaller rays are broken up into 
even smaller rays until there is not enough energy in any ray to break 
out of the material. If all the rays are absorbed, then there can:, be 
no energy behind the material. Let us call this absorption material 
Celotex, a soundproofing material used in radio studios. Also let us 
call the meams of energy sound waves. Now we will have a situation 
where sound waves, coming in straight lines from their source, hit this 
block of Celotex and are taken into the material. Here they are broken 
up into small rays, represented by these small red arrows, and soon 
-90-
disappear completely. On one side of this Celotex we have sound; om 
the other side, nothing. On the first two posters this absence of energy 
was represented by a shaded area because we used illustrations with 
light. We can't see sound, so why represent its absence by a shaded area? 
If nothing is there , why put anything to represent it? Let us sum 
this poster up. Radiant energy waves travel in straight lines. They 
hit absorption material. On one side of the material we have radiant 
energy. On the other side of the material we have nothing; that is, 
none of the radiant energy coming in a direct line from the source. 
To show you how reflection and absorption can affect your T.V. set, 
look at this poster. On your left we have represented a transmitting 
antenna. On your right we have a house with a receiving antenna. Between 
these two we have a hill or mountain. This mountain can contain metal 
ores that are good reflecting materials and just plain dirt which can be 
a good absorption material. If you will notice television waves leave 
the transmitting antenna and travel in straight lines. In this particular 
situation these waves hit the mountain and are reflected, absorbed or 
bo t h. No television waves can reach this house antenna. Theoretically 
this is true. But if there is a hill, say, ten miles away, it is possible 
t hat some~of the T.V. waves will be reflected off this hill to the antenna. 
In any case, the television picture in this house will be very poor. 
Summing this poster up, television waves leave a single source, travel 
is straight lines; hit some object; are absorbed or reflected. On one 
side of the object, we have energy or T.V. waves; on the other side, 
we have nothing. There is no energy here that comes in a direct line 
from the source. 
• 
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I have here a picture of a young man which might be of interest 
to you. It is an X-ray. If I hold this picture against my white shirt, 
I think you will be able to see how well this young man looks. Notice 
these light areas or lines. These are his ribs. The Calcium in the ribs, 
and the density or thickness of the ribs absorb or reflect most of the 
X-Rays in such a way that they do not hit the film. Whenever an X-ray 
hits the negative film it turns that particular spot black. Notice this 
dark area between the ribs. This is the area of the lungs. Our lungs 
are actually holl6w air sacs. If a part of the lung is diseased as 
when a person has tuberculosis, there is a lot of moisture or congestion 
about the affected spot. The congestion which is mostly liquid absorbs 
a lot of X-rays. Therefore, the area behind the spot is lighter than 
the surrounding area. Believe it or not, doctors call this lighter area 
a shadow. 
(Put X-ray film away. Open up demonstration and turn on photoelectric 
cell). 
Now I have here a demonstration of what I have been talking about. 
Remeber I said the energy of the sun contains gamma rays; X-rays; 
ultra-violet rays; visible light rays; infra-red rays; radio, television 
and sound waves. X-ray and television equipment cost too much and are 
too heavy to carry, but I have here three other types of light energy:-
1. Visible light. 
(Snap on light; let class see light; snap off.) 
2. Infra-red light, which is actually invisible when it is true 
infra-red. 
(Snap on light' lek class see light; snap off) Incidently, 
infra-red light because mf its difficulty to see, is used 
quite often to catch burglars. 
3. Ultra-violet light. 
(Snap on light; let class see light; snap off) 
Over here I have a photoelectric cell or electric eye. It is 
connected to these two lights on top of the box. When no energy falls 
on the cell, this white light is on. When energy falls on the cell, 
the blue light is on. 
(Snap on visible light.) 
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If I place my hand between the visible light and the electric eye~ 
the white light goes on. I take my hand away the blue light goes on. 
Notice that I place my harid between the light source and the photocell. 
On the palm of my hand there is light; on the back side of my hand there 
is no light energy from the visible light source. When there is no 
energy on .the back of my hand, there is no energy on the photocell and 
the white light is on. I can repeat this with infra-red light. 
(Shut off visible light and turn on infra-red light.) 
Notice that when my hand is between the source of energy and the 
electric eye the white light is on. I take my hand away and the blue 
light goes on. On the palm of my hand I have energy; on the back of my 
hand there is none of that energy. 
The same results will take place with ultra-violet light. 
(Snap on ultra-violet light. Caution:- do not have on more than 
two or three minutes.) 
Now let us sum up what has been said during this demonstration. There 
are many types of radiant energy. All these types can be found in 
solar energy or singularly made by man. If some material is exposed 
to a form of radiant energy, it might absorb or reflect this energy. 
If this material absorbs or reflects this energy, then there will be 
an absence of this energy behind the material. 
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INSTRUCTIONS. THIS . TEST CONTAfNS 26 QUESTIONS. YQU WtLL BE ALLOWED 15 MINUTES 
TO COMPLETE THEM, ANSWER THt QUESTIONS TO THE BEST OF YOUR ABILITY, IF THERE 
SEEMS TO BE MORE THAN ONE RrGHT ANSWER TO A QUfSTfONf SELECT THE MOST LOGICAL 
ANSWER, 00 NOT MARK ·· tHI S TEST, US.E THE ANSW .. ER SH.EE. • PLACE AN .-x.;. UNDER THE LETTER CORRESPONQING ~tO THE CORRBOT ANSWER fOR EACH QUESTION, 
1. A PERSON SHOULD WEA.R SUN GLASSES 61ECAUSE 
Ao IT IS NOW THE CUSTOM fN THE SUMMERTIME B. GLASSES WILL KEEP HIS EYES COOL . 
C. SUNGLASSES Witt ABSORB All THE RAYS Of' THE SU¥ D. SUNGLASSES WIL PROTECT THE EYES FROM THE HARMFUL RAYS OF THE SUN. 
z, X-RAYS ARE USED TO DISCOVER CRACKS OR FLAWS IN METAL BECAUSE 
A. SIMILAR SHADO~JS VJILL FORM O.N TKE FfUJ 
Be SIMILAR CRACKS AND FLAWS WILL FORM IN TH-E fiLM 
Co THE X-RAY ME HIOO ; S THE CHEAPEST De. ONLY X-RAYS VIlLI. PIERCE ME.TI\l 
3. DURIN~ THE VJARTIME BLACKOUT Wl't~'OOW$ HAD YQ: BE COMPLETELY COVERED WITH A DARK, HEAVY MATERIAL BECAUSE 
Ao NO LIGHTS SHOULD BE SEEN BY THE ENEMY 
Bo THE AIR-RAID WARDEN WILL CHtOK 
Co Ll GHT WILL NOT PASS THROUGH AN OPAQUE OBJECT 
O, EVEN A LIGHTED MATCH CAN B£ $EtN rWOM •tLES AWAY 
4, A REO PIECE OF GLASS ~ILL ABSORB ALL COLORS OF LIGHT BUT REO. ff' A BEAM Of 
BLUE LIGHT tS OIRECJEO AT THE GLASS, TM£ AREA BERINO IT ;ILL BE CALLED 
A. BLUE. LIGHT 
B, REO ·uaHT 
8', PURPLE L.IGHT A SHADOW 
5. AT A BIG FIRE f'IR~UEN PUT U9 A CURTAtN OF VATER 8EIVEEN IKE fiRE AND NEARBY BUILDINGS BECAUSE 
A. THIS CURTAIN f'ILtf:RS OUT l'HE LIGHT fRO:i\4 THE HAMES 
8, THIS CURTAIN ABSORBS MOST OF' THE HEAT Of' THE F'LA,MES C, THIS CURTAIN PUTS THE FIRE GUT 
O. THIS CURTAIN KEEPS THE CROWDS SACK 
6. IN AN ELECTRON MICROSCOPE ELECfR.ONS PASSING PROM THE ·ELECTRON GUN TO THE NEGA-
TIVE f'ILM 1 CAUSE · BLACK SPOTS TO APFEAB ON tHE FflM. ff' AN OBJECT IS PLACED IN THE MICRO~COPE BETWEEN THE GUN AND TH£ rtLV TH~ IMAGE FORMED WOULO BE . 
Ae B. 
8: 
WHITE 
BLACK 
THE COLOR Of THE FILM 
THE COLOR OF THE OBJECT 
i~oJP~B~YT~f~~Ps~A~r'otlRT~~,S2'JIM,8FMf~I2°A~~V! H~hbN2~·'H'.8! 0 ~Ea~~~~~~0IH&uLD 
Ae VERY GOOD B. VERY SHARPLY fOCUSED 
C. VERY POOR De NONE Of T:iESE 
8. WHITE .MARKS WOULD BE ON A SUNBURNED PERSON'S BOOY WHEREVER AN ARTICLE OF CLOTHING WAS ~ORN BECAUSE 
Ae SUNTAN LOTION ~AS USED 
B, CLOTHING PROTECTS THE BODY FR.O.M, THE SUN 1 5 RAYS 
Co THE PERSON DIDN'T STAY IN THE SHAOE 
D. THE SUN WAS TOO HOT AND THE PERS.Q.N \JAS SIIEi\HNG. 
9, A rtREPLACE IS A 0000 SOUR.CE OF HEAT. ESPECIALLY RADIATED EFFICIENT WHEN 
Ao TH£ SCREEN IS . IN fRONT ~F tT 
B. THE DAMPER IS OPEN . . 
C • THE SCREEN I 5 NOT HI f'RO.NT OF 11' O, THE DAMPER IS CLOSED 
Bon"- U . 
<>uOD 'rnve r si t y 
School of Education 
Li bro. ry 
HEAT. IT IS MOST 
~· i. 
.  
10. A ~ELDER HAS TO WEAR A HELMET WIT~ A DARK GLASS WtNDOW BECAUSE 
A. HIS BOSS SAYS HE MUST WEAR IT 
e. HE HAS TO PROTECT HIS fACE fROM FLYING SPARKS 
c. HE HAS TO PROTECT HIS EARS fROM NOISE 
De HE HAS TO PROTECT HIS EYES AND FACE FROM THE INTENSE LIGHT 
11. X-RAY ROOMS ARE COMPLETELY COVERED ~ITH LEAD BECAUSE 
A. LEAD ABSORBS MOST OF THE DANGEROUS X-RAYS 
Be LEAD REFLECTS ALL THE DANGEROUS X-RAYS 
C. LEAD ABSORBS MOST Of THE X-RAYS AND HAS A SAFETY AREA BEHIND IT 
D. LEAD REFLECTS ALL THE X•RAYS AND HAS A SAFETY AREA IN FRONT OF IT 
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12. DURING AN ECLIPSE OF THE MOON, IT IS HARD TO SEE THE MOON FROM EARTH BEC~USE 
Ae THE SUN'S SHADO W FALLS ON THE EARTH 
e. THE EARTH'S SHADD~ FALLS ON THE MOON 
c. THE MOON'S SHADO W FALLS ON THE EARTH 
D. THE MOON'S SHADOW fALLS ON THE SUN 
18. AN INFRA-REO HEAT LA ~ Pf USED TO TREAT SORE MUSCLES, IS MOST EFfiCIENT I HEN THE PART OF THE BODY AFFEC ED IS 
A. CO MPLETELY EXPOSED B. COVERED BY A SHEET 
C. USED VITH A HEATING PAD 
D. PROTECTED BY REGULAR CLOTHING 
14. If A PERSON IS WALKING DITH HIS BACK TO THE SUN, HIS SHADO W 
A. IS ON HIS RIGHT SIDE 
B. IS ON HIS LEFT SIDE C. IS DIRECTLY IN FRONT Of HIM 
O. IS DIRECTLY BEHIND HIM 
15. WHICH IS THE BEST DESCRIPTION OF THE DARKNESS OF NIGHT-
A. THE TIME BETWEEN SUNSET AND SUNRISE B. THE TI ME WHEN THE EARTH'S SHADO W IS ON THE SKY C. THE TI ME ~ HEN THE SUN'S LIGHT IS ABSENT 
D. THE TIME WHEN THE EARTH'S SHADOW INTERCEPTS THE MOONLIGHT 
16. IF A BEAM or LIGHT IS DIRECTED AT THE SURFACE OF A MIRROR, THE AREA BEHIND THE MIRROR WOULD BE 
A. DARK 
B. LIGHT 
C •. GLO ~! NG 0 SILVER 
17. THE RAYS Of ENEROY fROM THE SUN CONTAIN 
1 s. THE 
AMMA RAYS 
tiLT RP.-RAYS INfRA•REO RAYS 
ALL OF THESE 
ORDINARY WINDO W GLASS WILL ABSORB ULTRA VIOLET LIGHT. CHIEF CAUSE Of SUNBURN. THEREfORE IT IS ULTR A VIOLET LIGHT IS 
A. IMPOSSIBLE TO GET A SUNBURN SITTING BEHIND 
e. POSSIBLE TO GET A SUNBURN SITTING BEHIND A C. IMPOSSIBLE TO GET A SUNBURN SITTING BEHIND D. IMPOSSIBLE TO GET A SUNBURN SITTING IN THE 
VI I NDO W 
A CLOSED ~I lNDO W CLOSED WINDO VI 
AN OPEN VI INDOVJ 
YARD IN fRONT OF AN OPEN 
• 
19. MANY STORES AND BANKS HAVE DOORS THAT 1)-PtEN AUTOMATICALLY WHENEVER A PERSON 
WALKS BETWEEN A LIGHT AND AN ELECTRIC EYE. ) .k &.<>-1-1-' , - "'Y"\.... ,t ... Le< r 
A. STRONG LIGHT RAYS FALL ON THE ELECTRIC EYE B. THE PERSONS CLOTHES REFLECT fHE LIGHT RAYS BACK TO THEIR SOURCE 
c. THE PERSONS BODY KEEPS THE L GHT RAYS FROM THE ELECTRIC EYE D. NONE Or THESE 
20. X-RAYS ARE USED TO DISCOVER T.B. •TUBERCULOSIS- BECAUSE 
A. HEALTHY LUNGS WILL ABSORB ALL THE X-RAYS 
B. DISEASED PARTS Of THE LUNGS WILL NOT CAST SHADO•s ON FILM C. HEALTHY PARTS or THE LUNGS ~ILL CAST SHADO WS ON fiLM 
D. DISEASED PART S, OF THE LUNGS WILL CAST SHADOWS ON fiLM 
21. WHICH ONE Of THESE CATS CASTS THE DARKER SHADOW 
A. BLACK CAT B. WHITE CAT 
Co TIGER CAT 
D. ~LL SHADOWS ARE EQUALLY DARK 
22. THE MOST EffiCIENT TYPE or RADIATOR IS ONE THAT 
A. IS COVERED BY AN ASBESTOS SHIELD 
B. IS COVERED BY A METAL SHIELD 
8•. IS COVERED BY A WOODEN SHIELD IS NOT COVERED AT All 
23 1 A TELEVISION STATION ORDINARILLY CANNOT BE SEEN OR HEARD OVER 90 MILES A~AY BE~,;AUSE 
A. B. 
,c. 
o. 
THE STATION IS NOT PO ~ ERtUL ENOUGH THE ANTENNA CANNOT BE AIMED AT THE STAriON 
TH£ CURVE Or THE EARTH AT THIS DISTANCE BLOCKS TELEVISION WAVES fROM THE ANTENNA 
MOONLIGHT INTERfERES WITH TELEVISION WAVES AND ABSORBS All or THEM. 
24. DURING AN ECLIPSE Of THE SUN, IT IS ~ARD TO SEE THE SUN fROM THE EARTH BECAUSE . 
A. B. c •. 
o. 
THE SUN IS BET WEEN THE MOON AND EARTH THE EARTH IS BETWEEN THE SUN AND THE MOON THE MOON IS BETWEEN THE SUN AND EARTH 
THE SUN IS NOT BETWEEN THE MOON AND EARTH 
25. A BLUE PIECE OF GLASS WILL ABSORB ALL COLORS or LIGHT BUT BLUt. It A BEAM Of RED LIGHT IS DIRECTED AT THE GLASS, THE AREA BEHIND IT WILL BE CALLED 
A. BLUE ll GHT 
B. REO LIGHT 
c. PURPLE LIGHT D. A SHADOW 
26. PRINTING PICTURES FROM NEGATIVES IS POSSIBlt BECAUSE SHADOWS 
A. ARE MADE BY THE PRINTING PAPER ON THE NEGATIVE Be ARE NOT MADE BY THE PRINTING PAPER ON THE NEGATIVE Co ARE CAST BEHIND THE DARK SPOTS ON THE NEGATIVE 
D. , ARE RErLECTED FROM THE DARK SPOTS TO THE LAMP. 
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ANS-~VF...R SHEET 
--·- -
NMllE AGE lAST BIRTHDAY YEARS 
----· ·-- - -- ~· -· -- . 
BIRTHDAY TEACHER DATE 19 
GRADE SCHOOL CITY 
BOY ( ) GIRL ( ) 
- · --·- - ---- ·- ----------
1. A B c D 10. A B c D 19. A B c D 
( ) ( ) ( ) ( ) ( )( ) ( )( ) ( ) ( ) ( ) ( ) 
2. A B c D 11. A B c D 20. A B c D ( ) ( ) ( ) ( ) ( ) ( ) ( )( ) ( ) ( ) ( ) ( ) 
3. A B c D 12. A J~B c D 21. A B c D ( )( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( ) ( ) ( ) 
4. A B c D 13. A B C · D 22. A B c D ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( } ( ) ( ) 
5. A B c D 14. A B c D 23. A B c D ( ) ( )( ) ( ) ( ) ( )( )( ) ( )( ) ( ) ( ) 
6. A B c D 15. A B c D 24. A B c D ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
7. A B c D 16. A B c D 25. A B c D ( )( )( )( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
8. A B c D 17. A B c D 26. A B c D ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( ) ( ) 
9. A B c D 18. A B c D ( ) ( ) ( )( ) ( ) ( ) ( ) ( ) 
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ANSWER. S~ 
NAME AGE UST BIRTHDAY YEARS 
-·-~-- ------ .. ·· -
BIRTHDAY TEACHER DATE 19 
GRADE SCHOOL CITY 
BOY ( GIRL ( ) 
- -· .. .. - - -----
-- ----· --- -
1. A B c D 10. A B c D 19. A B c D 
( ) ( } ( ) ( ) ( ) ( )( ){ ) ( )( )( ) ( ) 
2. A B c D 11. A B c D 20. A B c D 
( ) ( ) ( ) ( ) ( ) ( )( ) ( ) ()( ) ( ) ( ) 
3. A B c D 12 . A J:!B c D 21. A B c D 
( )( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
4. A B c D 13. A B c D 22. A B c D ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
5. A B c D 14. A B c D 23. A B c D ( )( )( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
6. A B c D 15. A B c D 24 . A B c D ( )( ) { ) ( ) ( ) ( )( ) ( ) ( ) ( ) ( )( ) 
7. A B c D 16. A B c D 25. A B c D ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( } ( ) ( ) ( ) 
8. A B c D 1?. A B c D 26. A B c D ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
9. A B c D 18. A B c D ()( )( ) ( ) ( ) ( ) ( ) ( ) 
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.ANS-vVE~ S~ 
NAME AGE UST BIRTHDAY YEARS 
----·- ··--.. ~ -- --~ 
BIRTHDAY TEACHER DATE 19 
GRADE SCHOOL CITY 
BOY ( GIRL ( ) 
- -- · ·- - ·- ··" - · . 
1. A B c D 10. A B c D 19. A B c D 
( ) ( ) ( ) ( ) ( )( ) ( ) ( ) ( )( )( ) ( ) 
2. A B c D 11. A B c D 20. A B c D 
( )( ) ( ) ( ) ( ){ ) ( )( } ( ) ( ) ( ) ( ) 
3. A B c D 12 . A m c D 21. A B c D 
( ) ( ) ( ) ( ) ( ) ( )( ) ( ) ( ) ( ) ( ) ( ) 
4. A B c D 13. A B c D 22. A B c D ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
5. A B c D 14. A B c D 23. A B c D ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
6. A B c D 15. A B c D 24. A B c D ( ) ( ) ( ) ( ) ()( ) ( ) ( ) ( ) ( ) ( ) ( ) 
7. A B c D 16. A B c D 25. A B c D ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( ) 
8. A B c D 17. A B c D 26. A B c D ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
9. A B c D 18. A B c D ( ) ( ) ( )() ( ) ( ) ( ) ( ) 
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ANS-~VE~ S~ 
NAME AGE LlillT BIRTHDAY YEARS 
----· -· ·--- -~- - ---
BIRTHDAY TEACHER DATE 19 
GRADE SCHOOL CITY 
BOY ( GIRL ( ) 
- -... ·-- -- - ----- -----
1. A B c D 10. A B c D 19. A B c D 
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( )( ) ( ) 
2. A B c D 11. A B c D 20. A B c D 
( )( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( ) ( ) 
3. A B c D 12. A 1 ~B c D 21. A B c D 
( ) ( ) ( )() ( ) ( ) ( ) ( ) ( )( ) ( ) ( ) 
4. A B c D 13. A B c D 22. A B c D 
( ) ( ) ( ) ( ) ( } ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
5. A B c D 14. A B c D 23. A B c D 
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( ) ( ) 
6. A B c D 15. A B c D 24. A B c D ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( ) ( ) ( ) 
7. A B c D 16. A B c D 25. A B c D 
( ) ( ) ( )( ) ( ) ( ) ( ) ( ) ( ) ( )( )( ) 
8. A B c D 17. A B c D 26. A B c D 
( ) ( ) ( ) { ) ()( )( ) ( ) ( ) ( ) ( ) ( ) 
9. A B c D 18. A B c D 
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
DEMONSTRATION MATERIALS 
1. Demonstration Box, equi pped with photoelectric cell, 
infra-red, ultra-violet and white lights , small 
demonstration lights, with appropriate wiring and 
switches. 
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2. Posters demonstrating : ~ l. The component parts of radiant 
energy. 2. Reflection of radiant energy waves. 3· The 
absorption of radiant energy waves~ 4. The reflection 
and absorption of television waves. J. An X-Ray. 
3. A mirror, a black cloth and a flashlight for demonstrating 
reflection and absorption of light. 
4. Assorted colored glasses and papers. 
5· A small slide projector. 
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